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"VERY attempt towards the e aſcer- 
tainment of the Longitude at ſea will rea- 
dily be acknowledged as a point of great 

importance and utility to a maritime and com- 
mercial nation. Daily experience ſhews the 
wide uncertainty of a ſhip's place, as inferred 
from the common methods of keeping a reck- 
oning, even in the hands of the ableſt and moſt 
careful navigators. Five, ten, or even fifteen 
degrees, are errors which no one can be ſure he 
may not fall into in the courſe of long voyages. 
The water is ſo fluid an element, and ſo eafily 
put in motion by the force of the wind, or the 
action of the fun and moon upon it, arid theſe 
motions are ſo readily propagated to great di- 
ſtances, that it is not to be wondered at, that 
hitherto no means have been found out of al- 
lowing for the effects of ſuch variable and irre- 
gular cauſes. 


During the courſe of my voyage to and from 
St. Helena, I made frequent obſervations of the 
diſtance of the moon from the ſun and fixed 

b ſtars, 
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ſtars, in order to determine our longitude ; and 
can from ſuch experience venture to anſwer, 
that this method, carried into practice, will, 
(without diſparagement to the labours and in- 
ventions of others) bring the longitude 1 to great 
nearnels. | 


I here preſent to the public the precepts ne- 
ceſſary to be followed, whether in making the 
obſervations, or the ns ; being for the 
moſt part ſuch as I have practiſed myſelf: and 
they will, I hope, be found much more eaſy 
and ee than any yet propoſed. In parti- 
cular, I flatter myſelf, that my two rules for 
clearing the obſervations of the effects of re- 
fraction and parallax, will appear to reduce to 


great ſimplicity that part of the computation, 


which was before the moſt tedious and per- 


| plexed. 


In order that 1 may not leave the diligent 
mariner in want of any thing effential to his 
computations, I have added correct tables of the 
ſun and moon. The lunar equations are taken 
from the late Mr. Mayer's printed tables, which 
I have reaſon to think, applied to careful ob- 
ſervations, will ine the longitude al- 

ways 
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ways within about a degree, and ene within 
half a degree. The reader will alſo find here 
many other tables, uſeful on this, as well as on 
many other occaſions, which might not eaſily 
be procured elſewhere; particularly, a copious 
table of the longitudes of places determined 
from aſtronomical obſervations, or inferred by 
their bearings and diſtances from neighbouring 
places ſo determined; many of which are de- 
duced from the obſervations of the late tranſit 
of the planet Venus over the ſun, or from ob- 
ſervations made on that occaſion; to which are 
added their latitudes. The longitudes are rec- 
koned from the meridian of the Royal Obſerva- 
tory at Greenwich, which is only five minutes 
thirty-ſeven Gnas of longitude to the eaſt of 
St. Paul's Church in London. The tables of 
the ſun and moon are likewiſe adapted to the 
lame meridian ; and the two examples of the 
calculation of the longitude, the one diſperſed 
through the book, as an example of the ſeveral 
rules, and the oeher placed entire towards the 


end of the Appendix, are theretore made from 
the ſame meridian. 


Having compriſed in ſeven Chapters the .ge- 
neral proceſs for finding the longitude by ob- 
2 {ervations 
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ſervations of the moon, I thought it would be 
of ſervice to add an Appendix, containing a 
variety of intereſting rules and directions, uſeful 
in particular caſes, or tending to the improve 
ment of practical navigation in other branches. 
A deſire of making the treatiſe more complete 
hath led me to the extenfion of the latter part 
of it beyond the limits I at firft propoſed; but 
ſhould that extenſion give it greater utility, as 1 
flatter myſelf it will, I ſhall not think my pains 
miſemployed about it, nor my reader, I hope, 
deem it. ſuperfluous. In particular, I conceive,, 
that the Problem propoſed and explained in 
page 61, for finding the longitude from three 
cotemporary obſervations only, which is new, 
n many occaſions be of great uſe. 


I foreſee but one material objection that can 
be made to the uſefulneſs of this method of 


finding the longitude at ſea, namely, the diffi- 


culty and nicety of the calculations. But then 
T flatter myſelf, that the rules I have laid down, 
demanding only care in the computer, and re- 
quiring no particular knowledge of ſpherical tri- 

gonometry, or the projection of the ſphere, as 
moſt of the methods which have been formerly 


Propoſed do, will, in a great meaſure, obviate 


this 
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this objection. However, I own, it is rather to 


be wiſhed, that ſuch parts of the computations 
as conveniently can, were made previouſly at 
land by capable perfons, and publiſhed, from 
time to time, for the common benefit of navi- 
gation ; eſpecially, as not only the much greater, 
but alſo the niceſt part of the calculations is of 


this kind: for if the moon's longitude and lati- 


tude were but computed for every twelve hours 
in the year, and thence her diſtance from the 
fun, or a proper ſtar on each fide of her, was 


calculated carefully for every fix hours, and the 


computations publiſhed a convenient ſpace of 
time before-hand, I do not ſee why the longt- 
tude might not be as univerſally found at ſea by 
this method, as the latitude 1 is at preſent. 


e 


Since the book has been printed off, I ed I 
have omitted two particulars, the ob of 
which will conduce to the more accurate deter- 
mination of the longitude; the one reſpecting 
the obſervations, and the other the calculations, 
which I ſhall here deliver, and deſire the reader 
will pay a proper regard to. 


I have mentioned, in the ſecond Chapter, the 
neceſſity of giving a ſweep with the quadrant, 
| | ſo 
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ſo as to make the ſtar ſeem to deſcribe a tan- 
gent line to the moon's limb ; but forgot in the 
ſame place to add the neceſlity of obſerving this 
contact as near the middle of the teleſcope, or 
field of view, as poſſible, which is as eſſential a 
circumſtance as the other ; for, unleſs a ſwee 

be given with the quadrant, the diſtance of the 
ſtar may be taken from ſuch a part of the 
moon's limb as 1s neither the neareſt nor re- 
moteſt ; and if the contact be not obſerved near 
the middle of the field of view, the rays by 
which the moon and ſtar are ſeen, will not paſs 
parallel to the plane of the inſtrument, and 


conſequently the angle meaſured will not be 
Exact. 


The other particular, of which I deſire to ad- 
vertiſe the reader, reſpecting the calculations, is 
a ſecond ſmall correction neceſlary to be made 


to the obſerved diſtance of the moon's limb 


from the ſun or a ſtar on account of PRO 


In the rule delivered in Chap. V. for the cor- 


rection of parallax, which is deduced from the 


fluxions of the ſpherical triangle, formed be- 
tween the zenith, the moon, and the ſun or ſtar, 


as well as in moſt other methods that have been 


I 5 propoſed 
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propoſed for this purpoſe, the perpendicular 


dropt from the apparent place of the moon up- 
on the great circle joining the true places of the 


moon and ſun, or ſtar, is taken inſtead of the 


ſmall arch of a parallel circle, deſcribed from 
the ſun or ſtar as a pole. This rule therefore 
may ſometimes err a minute, if the diſtance of 
the moon from the ſun or ſtar be thirty degrees, 
and more, if the diſtance be leſs; but 18 ay 
corrected as follows. 


Call the principal effect of parallax, found 
by Chap. V. the parallax in diſtance; and with 


the moon's apparent altitude, and horiſontal pa- 


rallax, take the parallax in altitude out of the 


Table, page 26. Then, to the conſtant loga- 
rithm 0.941 add the logarithm of the ſum of 
the parallaxes in altitude and diſtance, the lo- 
garithm of the difference of the ſame parallaxes, 

and the cotangent of the apparent diſtance of 
the ſtar from the moon's centre; the ſum, de- 
ducting 13 from the index, is the logarithm of 
the number of ſeconds required, being the ſe- 


cond correction of parallax, and is always to be 


added to the diſtance of the ſtar from the 
moon's limb, firſt corrected for refraction, and 
the principal effect of refraction, as by Chap. V. 

| except 
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except the diſtance exceeds 90 degrees, in which 
caſe it is to be ſubſtracted, 


In the example diſperſed 3 the wh 
by way of illuſtration of the rules, the apparent 
diſtance of the ſtar from the moon's centre was 
51d, zom. the parallax in diſtance was found 
20:m. in Chap. V. and the moon's horiſontal 
parallax being 56:m, and her apparent altitude 


129, 26m. the parallax in altitude, by the e table, 
Page 26. 8 55 m. 


Conſtant logarithm —— — 0.941 
Sum of par. in alt. and diſt. 55 +20 = logarithm 1.875 
Diff. of par. in alt. and diſt. 55 —20'=35 logarithm 1.544. 
App. diſt. of ſtar from moon's centre 51d. 3om. cotang. 9.900 


Sum, abating 13 from the index, is 


1.260 


The logarithm of 18/1. "My ed correction af 
parallax, which, added to 51d. gm. 32. the 
true diſtance of the Bar from the moon's centre, 
cleared of refraction, and the principal effect of 
parallax, at the bottom of page 43, gives 51d. 
gm. 50f. the true and abſolute diſtance of the 
ſtar from the moon's centre, If the computa- 
tion 1n Chap. VI. be repeated with this diſtance 
correct, the difference of the moon and ſtar's 


longitudes 
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longitudes will come out 18 ſ. greater than was 
found in page 48, or 51d. 12 m. 23 f. whence 
the longitude of the moon inferred from obſer- 
vation ſhould be 8 8. 116. 44 m. 13. and the 
difference between this longitude and that com- 
puted from the tables, ſee Chap. VII. will be 
471. which, multiplied by 28, gives 1321 ſe- 
conds, or 22 minutes, by which h. ip! 18 welt 
of the account. 


I have applied this cd to the obſerva- 
tions made in my voyage home from St. Helena 
to England, though it has in none of them ex- 
ceeded half a minute; the reaſon of which is, 
that 1 never took the diſtances of the moon 
from ſtars under 25 or zo d. but rather choſe 
them at the greateſt diſtances, even up to god. 


In my voyage out this correction was leſs ne- 
ceſſary, moſt of the obſervations being made ei- 
ther about or under the latitude of 3o degrees, 
where the ſtars riſing and falling more nearly 
perpendicular, than in higher latitudes, the angle 
of poſition at the moon, contained between the 
two great circles paſſing from thence, one thro' 
the ſtar, and the other thro' the zenith, will be 


ſmaller, and conſequently the corre Aion in queſ- 
c tion, 
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tion, being as the ſquare of the ſine of that 
angle, will be ſmaller alſo. 


In ſtrictneſs, a ſecond correction ought to be 
applied on account of refraction, as well as of 
parallax; but as this can only be neceſſary when 
the moon or ſtar are very near the horiſon, 
namely under three degrees of altitude, and the 
obſervations ought never to be taken ſo low, on 
account of the variability and irregularity of the 
refraction itſelf, this correction may be ſafely 
omitted, as of little conſequence in practice. 
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LI ae DF cus aig necefary for 3 the 
longitude by obſervations of the moon, are a Hadley's 
* quadrant, and a tolerably good watch, The qua- 
drant ſhould be of about ——— inches radius, and, if not 
made all of braſs, ſhould be framed of well-ſcaſoned wood, 

with a braſs arch and index. The Vernier's ſcale muſt be 
made to carry the ſubdiviſions to ſingle minutes; and the 
eye may itſelf ſubdivide ſtill nearer to a fraction of a minute, 
eſpecially if aſſiſted with a magnifying . 


If the inſtrument be made a ſextant, in which caſe it will 
meaſure 120 degrees, it will be very convenient for mea- 
ſuring the diſtance of the ſun and moon for two or three 
days after the firſt, and before the laſt quarter, which cannot 
be done if it be made, as they uſually are, to meaſure only 

| 9o de- 
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2 Of the Inſtruments neceſſary 
go degrees. And the obſervatoit᷑ of the diſtance of the ſun 


from the moon cannot be rendered too frequent, being more 


| eaſily, gefteral, nore-exatly ohſerv the] di- 
Briefs tn n f moon fre A We | 


ſtance rom a ſtar in the night : beſides which, 
it is attended with another v reat 8 that the 
time of the day may de then Fi 1p aſcertained by an alti- 
tude of the ſun, taken by an aſſiſtant at the Very inſtant of the. 
aſureftnent of ſh e dance of tho) ſun tom tle) moon, 
without woot) of Fes upon the going of a watch for ſome 


hours, as Will bg gener ly neceſſary, where) the diſtance of 
the moon Porn a far N lend in the night. 
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The motion of the hand alone will not be exact and 
ſteady enough for moving the index in theſe nice obſerva- 
tions of the meaſurẽment᷑ of the diſtance of the moon from 
the ſun\or 0 10 Therefore it will be neceſſary to perform 
this motion by means: Of # ſcrew; for, the quadrant being 
= to be held" ma very inclired plane, i will be often 

mpracticable, on account of the motion of the ſhip, to make 

hdbbervation 5aſtmtaneoully 5 but;-by means of the ferew, 
Ne den may: he moved by : degrete, and each time 
after altering the ſete v che nt miſt be turned by — 
hand round ks viſual ray, going to the ſtar as an axis, fo a 
to make the moors limb ae dy the far, tf at hit, in 
paſſirly: by, it N cot 8 wk It Sar 
ani 


: Beides the two Aale gaſſes Sheen i plied to -icſe 
inſtruments, there muſt be added a third, much lighter than 
the others, in order to take off the exceſſive brightneſs of the 
moon, and the glare upon the horizon glaſs, which always 
attends it, except hen the moon's reset is ſmall, or her 
_— is woeidentally v „A re bra thin 1 1 | 


The 


taking. the Ober urin. 8 


- The. nene beg « gl: e be ground 
41 their ſurfaces 3 lane, and. x to cad NOT, 
for the doing of whic TL anderiand, jt that ſome A the op- 
tical inſtrument ables Arc; now. malters at; a. particy an and 
infallible methad. Ile performance of many: I 9 
otherwiſe: very exact, is ſpoiled by an mpeg en 
Particilar 3 and. ien ene are ; HARE: 
rs es Ins 1e © Ii ot yin 2 
| 1102-9113 rioits 11d ny 

Wees 6 nh with. the pon lb vl be ren- 
deve much more diſcet gibls by: zthe help of, ai mall tele- 
ſcope, magnifying two-or:theeertimes,, This muſt be con- 
trived to have a motion ;ipayallel 10 itſelf, (like à parallel 
ruler) by Which it may he brought pearer to, or carried 
farther from, the Rage of, the, quadrant.z and the moon, 
which is ſeen always by reflection, will appear more or leſs 
bright, according a molle gr Jas. of her light i AS. received 
by the teleſcope = tp the quickftlvered.. part of the object 


ſpeculum ; or, by railing the teleſcope ſtill higher, ſhe will | 


be ſeen entirely by refleGion from the unfilvered. part of the 
ſpeculum, which is (generally the a convenient. The 
object glaſs of the. telefgaps mnay be made to {lidg, in its 
tube, in order to adjuſt-it; to the alt e Spaces, 
for the N oft: eee een 


ing the 
— —ron ths jr on ſhould 5 his quadrant — 5 the 
greateſt care ; point of equal conſequence with the exact 
obſervation . of the diſtance of the. moon from the ſtar; 
This is ſo. much the moxe nęceſſary, as the adjuſtment is 


R » 4 £ 


ſubject to alter ſenſibly, even from one day to another. The 
beſt object of all for this purpoſe. is the horiſpn, of the ſeg, 


when clear, and the examination is made beſt without the 
B 2 teleſcope; 


* 


x 


4 Of the Ifrimints neceſſary 
teleſepe'; 'only, if the obſerver is at all' ſhort-ſighted, he 
-oupit to make uſe of a concave- glaſs, properly ſited to his 
as he ought likewiſe to do in all other obſervations 
made without" t "teleſcope, as particularly in taking the 
altitudes of ſtars, öt of the moon in the night. The ob- 
ſerver ſhould be” careful always to examine the adjuſtment 
of his quadfant in the day-time, when the horiſon is to be 
ſeen clearly, and particularly in the afternoon when he ex- 
pects to make an obſervation the enſuing night. Should he 
have failed of making this Examination the afternoon before 
an obfervation, he may examine what the error was, if any, 
the next morning, or he may make this examination by 
means of the moon itſelf, ih which caſe it mw _ beſt to 
uſe the teleſcope. Inſtead” of freſh adjuſting the quadrant 
before every obſervation, perhaps the following method of 
examining and allowing «for 2 error of it, may be more 
advantageous. Furn Hides 6f the quadrant till the ho- 
riſon of the ſea, or the mob or any other proper object, 
appears as one, by the union of the! roffected image with 
the object ſeen directly”; then the number of minutes, by 
Wich o on the index differs from oon the arch, is the 
error of the adjuſtment. If o on the index ſtands advanced 
upon the qoadrait before, or t6 thie left hand of o on the 
arch, that number of minutes is to be ſubſtracted from all 
obſervations; ; but if it ſtands off the arch behind, or to the 
right hand of o on the arch, it muſt be added to the ob- 
fervations, By examining the error of adjuſtment in this 
Manner, by at leaſt threb trials, and taking a medium: of 
the refults, one can ſcatee err above half a minute in deter- 
mining the preciſe quantity of ehe. error of the quadrant, 
whereas one may be miſtaken a minute or more in adjuſting 
the quadrant, which is but à ſingle operation. The obſerver 
«would: ds "well to write down i in BY _ _—_ error -of 9 
4 Dag ef noltauniranzo vis . 1 
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ment thus found, and which way it is to be applied, whether 
it is additive, or ſubſtractiſ e. 


Beſides this adjuſtment, which is familiar to every one 
who uſes the inſtrument, there is another, which is too little 
known, and too little regarded, the neglect of which is often 


of great prejudice in common uſe, but would entirely de- 


feat the end of theſe nice obſervations: I mean, the ſetting 
of the little ſpeculum to a paralleliſm with the great one, 
by the ſcrews on the foreſide of the quadrant. The man- 
ner of doing it is this: Hold the plane of the quadrant pa- 
rallel to the horiſon, and the index being brought near to o, 
if the horiſon of the ſea, ſeen by reflection in the little ſpe- 
culum, is higher than the direct horiſon, ſeen by the ſide 
of it, unfcrew the neareſt ſcrew a little matter, and ſcrew 


up the oppoſite one, till the direct and reflected horiſons 


agree nearly. But if the reflected horiſon is lower than the 
true horiſon, unſcrew the ſcrew furtheſt from you, and 
ſcrew up the neareſt ſcrew, till the two horiſons agree nearly, 
taking care to leave the ſcrews both tight, -by ſcrewing them 
up equally, if they are ſlack. If the reflected horifon thould 
not differ more than five minutes from the true one, it will 
be of no ill conſequence. This adjuſtment, when once 
well made, will ſeldom want correction, provided the ſcrews 
are ſufficiently tight, and that they have not been touched. 
Nevertheleſs, for fear of. any accidents, it wilt be proper to 
examine it, from time to time, in order to be aſſured that 
no material alteration has happened; for a deviation of ſo 
ſmall a quantity as four or five minutes can be of no 
prejudice. f JO 1114 econ ob ert PRUN Ten. 
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Ny the Obſervations neceſſary to be made for End. 
ing the Longitude at 2 and the M, auner of 


—- making them. 


HERE are four rations neceſſary t to be made, 
| according to the method here propoſed, in order to 
determine the longitude at ſea: The firſt is an altitude of 
the ſun, or ſome bright ſtar, for regulating a watch, by which 
the other obſervations are to be made, or, at leaſt, — deter- 
mining exactly the error of its going. The next obſervation 


18, the diſtanee of the moon's enlightened limb from the ſun, 


or a ſtar. The third and fourth obſervations are, the alti- 
tudes of the moon and the ſun, or the ſtar, from which the 
moon's diſtance is obſerved, to be taken by two obſervers 
aſſiſting the perſon who takes the diſtance of the moon from 
the ſun, or a ſtar, at the very inſtant, or, at the utmoſt, 
within a minute of the time he gives notice that he has 
compleated his obſervation. At the ſame inſtant, or at moſt 
within a quarter of a minute, and before the obſorvers at- 
tempt! to read off the degrees and minutes from their qua- 
drants, ſomebody muſt note the hour, minute, and quarter 
rt of a minute of the watch, regulated as mentioned before. 
Only, if the diſtance of the moon be taken from the ſun, the 
altitude of the ſun, taken at the ſame inſtant, will determine 
the time without the uſe of a watch; and therefore the firſt 


_ obſervation mentioned above will not be neceſſary. But if 


it be propoſed to obſerve the diſtance of the moon from 
a ſtar in the night, the altitude of the ſun will be ne- 
ceſſary for regulating the watch, and ſhould be previouſly 


taken in the afternoon, not ſooner than two o'clock ; * 
- 4 3 21 of t 


Ol/ervations neceflary for finding the Lodgitude. = 7 


the neater he is to being due weſt, the better; only..care 
ſhould be taken, that their altitudes be not moch under five 
degrees, on account of the uncertainty of rciraction near 
the horifon, Or, if an altitude of the ſun was: not taken 
the afternoon before the obſervation of the:. diſtance of the 


moon from the ſtar, it might be taken the next morning 


after, for a good common watch would not vary above a 
minute in that interval of time, which produces an error 
only of a quarter of a degree of longitude.. 


Could the altitude of the bright ſtars be taken with 
certainty in the night, there would be no occaſion to depend 
upon the going of a watch at all. In fine ſummer nights, 
or when there is any ſmall appearance of twilight, thofe 
obſervations may be made very well: and on ſuch occaſions, 
to make them uſeful for deriving the time, the ſtars muſt 
be fo'chofen, as not to be leſs than two hours from the 
meridian : the nearer they are to the prime vertical, or to 
being due eaſt or weſt, the more exact they will be for this 


purpoſe. But in general, the altitude of ſtars admit of too 
much uncertainty for the purpoſe of finding the time, though 
exact enough for the uſes intended to be derived from the 


third and fourth obſervations, in computing the effect of re- 


fraction and parallax. The altitude of the ſun's lower 


limb muſt be obſerved, as in the meridian obfervation, ex- 


cept the air ſnould be foggy, and the ſun's limbs ill defined, 
in which caſe it is better to take the altitude of his centre. 


In order to take the diſtance: of the moon from the ſun, + 
the obſerver muſt look at the moon directly through the 
unfoiled part of the little ſpeculum, and having firſt let 
down one of the dark glaſſes uſed in taking the meridian 
altitudes, and having likewiſe brought the plane of the qua- 
drant nearly into the arch of a great circle, going through 


the 
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8 Obſervations neceſſary to be made. 


the ſun and moon, he muſt ſhift the index gradually, and 
move or ſweep the arch of the quadrant alternately to the 
right hand and left, till he ſees the ſun and moon in view 
together, and has brought their neareſt limbs almoſt into 
contact. Let him then ſcrew down the plate to the arch, 
containing the ſcrew. which is deſigned to give a more mi- 
nute and regular motion to the index, and while he moves 
the index by the turning of the ſcrew, or immediately after, 
he muſt turn the quadrant round the viſual ray, going to the 
moon as an axis, ſo as to make the ſun ſeem to paſs by the 
moon's limb. Theſe operations are to be repeated till the 
neareſt limbs of the ſun and moon, in their apparent paſſage 
by each other, exactly touch one another outwardly at their 
neareſt approach, without cutting one into the other, which 
compleats the obſervation. | 


But, in order to take the diſtance of the moon from a 
ſtar, the obſerver muſt look at the ſtar directly, and holding 
the plane of the quadrant ſo as to paſs nearly through it and 
the moon, he muſt move the index (juſt as in the obſerva- 
tion of the diſtance of the moon from the ſun) till the ſtar 
appears almoſt in contact with the moon's enlightened limb, 
whether it be the neareſt to, or furtheſt from, the ſtar. If the 
moon's enlightened limb be that furtheſt from the ſtar, the 
moon's reflected image muſt be brought beyond the ſtar, 
Only if a teleſcope be uſed of the ſort which ſhews objects 
upſide down, it muſt be carefully noted, that when the en- 
lightened limb is really neareſt the ſtar, the moon will ap- 
pear as if ſhe were brought beyond it; and when the en- 
lightened limb is really furtheſt from the ſtar, the moon 
will appear as if ſhe were only brought to it. Before the 
full, the weſtern limb is the enlightened limb; and after 
the full, the eaſtern one; though this may be judged of 
certainly by the eye, within a day of the full on each 5 


For finding the Longitude at Sea. 9 


The lighteſt dark glaſs will generally be requiſite in theſe 
obſervations ; and the ſcrew being applied for moving the 
index, muſt be turned gradually, and the quadrant at the 
fame time, or immediately after, turned round the viſual 
ray, going to the ſtar as an axis, ſo as to make the moon's 
limb ſeem to paſs by the ſtar; which operation mult be 
repeated till. the middle of the ſtar (for it will ſometimes 
appear of a ſenſible breadth) ſhall, at the moon's neareſt 
approach, appear to paſs exactly upon her limb, without 
entering further within it. The obſervation being thus 
compleated, whether of the diſtance of the ſun and moon's 
limbs, or of a ſtar from the moon's limb, the obſerver has 
nothing to do but to read the degrees, minutes, and fraction 
of a minute, which he muſt eſtimate by his eye, off the 
quadrant ; unleſs, which will be more convenient, he aſſiſts 
his ſight with a ſmall magnifying glaſs, of one and a half or 
two inches focus. | 


The following cautions to be uſed in reading off the ob- 
ſervations may not be ſuperfluous. To hold the quadrant 
with the arch towards you, and the center directly from 
you, and to place your eye fully oppoſite, and nearly per- 
pendicular to that part of the arch where the nonius appears 
to coincide with the diviſions ; holding alſo the magnifying 
glaſs, if you uſe one, ſtraight before you, and parallel to 
the line of the diviſions, and taking care to have a full and 
true light, equally illuminating the part you look at, both 
to the right hand and to the left. | 


It may be proper to take notice, that it will be neceſſary 
to invert the quadrant, that is to ſay, to hold it with its 
face and centre downwards, when the object, whether it be 
the moon or the ſtar, which is to be ſeen directly, is to the 
right hand of the other obje& in the heavens; which is 
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10 Obſervations neceſſary to be made, 


to be ſeen by reflection. This will be made familiar by 


a little experience. | | 


It has been obſerved above, that the two other obſerya- 
tions, namely, the altitudes of the moon and ſun, or ſtar, 
muſt be taken by two other obſervers, at the ſame inſtant, 
or at leaſt within a minute of the taking of the . diſtance of 
the moon from the ſun, or ſtar. The altitude of the moon's 
upper or lower limb muſt be taken according to the illumi- 
nation of her diſk. A little practice will make it eaſy to 
take the altitude of the upper limb, which 1s difficult at 
firſt, as the moon's upper limb, at her loweſt deſcent, muſt 
be made to ſweep the horiſon above her. But in dark 
nights it is better not to attempt to give the ſweep at all, 
but to hold the quadrant as nearly perpendicular to the ho- 
riſon as you can judge by your eye. Further, theſe obſer- 
vations of altitudes in the night will be made better, as the 
horiſon will be ſeen much clearer, by removing the little 
hole uſed in moſt quadrants to limit the ſight, or by looking 
by the fide of it, which will produce no error that will bg 
here of any prejudice. Wy: . 


It may be expected that I ſhould ſay ſomething with re- 
ſpect to the degree of exactneſs that may be attained in 
theſe ſeveral obſervations ; I ſhall therefore freely deliver 
my opinion in this reſpect, which I think myſelf ſufficiently 
warranted in doing, from the repeated obſervations I have 
taken on board. of ſhip, as well as on ſhore, without ever 


finding myſelf deceived. © That the altitudes of the ſun 


© may be taken with good quadrants to one, or, at the moſt, 
* two minutes, if the horiſon be tolerably clear; therefore, 
as the time may generally be found by the ſun, within a 
« quarter, or at moſt, half a minute, even in theſe great 
©* northern latitudes, which is a degree of exactneſs ſufh- 
5 4 «© Clent 
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* cient for the purpoſe. That the diſtance of the moon 
e from the ſun, or a ſtar, may be taken with good qua- 
ce drants, well reCtified, to about a minute, when the ſea is 
© not very rough; but even in rougher weather, if it does 
not approach to a ſtorm, I apprehend, a careful obſerver 
<< cannot well be miſtaken. above two minutes in the ob- 
ſervation, which produces an error only of about a de- 


«© gree in the determination of the longitude ; and even 


then, by taking a medium of ſeveral obſervations, he may 
arrive at a {till greater exactneſs. The altitudes of the 
moon and a ſtar, taken in the night, I own, admit of 
* much greater degrees of error; but then, fortunately, it 
<« 1s not required to have theſe altitudes with the ſame ex- 
actneſs as is neceſſary in the other obſervations ; ſince an 
<« error of a whole degree in them will ſeldom be of more 
prejudice, than an error of a ſingle minute in meaſuring 
<<. the diſtance of the moon from a ſtar ; therefore, ten or 
* twenty minutes can be of no great prejudice ; and a caſe 
ſcarce ever occurred in ſo many obſervations, where the 
<« altitudes could not be taken within theſe limits. But 
* ſhould a caſe occur in practice, as it rarely will, that they 
© cannot be properly obſerved, a rule is given at the end 
ce for computing them.” 


It has been here ſuppoſed, that the obſerver is acquainted 
with ſome of the principal ſtars by fight, and alſo, that he 
knows which of them he ought to chuſe, in order to mea- 
ſure the diſtance of the moon from; for every ſtar is not 
proper for this purpoſe. N 


The following directions will inſtruct him in theſe 
particulars. The table in- page 4, contains a catalogue of 
twelve ſtars of the firſt and ſecond magnitude, which are 
all that he will ever have need of, and therefore all that 
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12 Obſervations neceſſary to be made, 
he ought ever to uſe for this purpoſe, being choſen neareſt 


to the zodiac. Out of thefe he muſt ſelect one in this 


manner, either to the eaſt or weſt of the moon, een 


as circumſtances will admit, 


Let him find the moon's longitude and latitude from any 
common almanack, or ephemeris, at the time he intends to 


make his olfervatiohs or, if he is deſtitute of an ephe- 


meris, he muſt compute the moon's place to the given 


time, reduced to the meridian of Greenwich, which is that 


of the tables, by adding at the rate of an hour for every 


fifteen degrees he is to the weſt, or ſubſtracting, if to the 
eaft of it, (which muſt alſo be done, if he makes uſe of an 


ephemeris). In making this computation, he may neglect 
the equation of time, the ten ſmall equations, the equation 
of Anomaly, and the node, and the reduction to the eclip- 
tic; and only take in the equations of the centre, evection, 


and variation: he may alſo neglect the correction of the la- 
titude, called latitude 2d. Having obtained the moon's 
longitude and latitude nearly, if he wants a ſtar to the eaſt 


of the moon, he muſt look in Table, p. 4. for one having a 
greater longitude than the moon; or if he wants a ſtar to 
the weſt of the moon, he muſt look for one having a leſs 
longitude than the moon, and mult ſo ſelect it, that its 
longitude may differ at leaſt ten degrees from that of the 
moon ; how much more, does not ſignify; and that the 
difference of their latitudes, if they are both north, or both 


- ſouth, or the ſum of their latitudes, if one is north; and 


the other ſouth, may not exceed the limits of the table in 
Page 4. Should he not be able to find a ſtar within the 
limits of the table, which will hardly ever be the caſe, let 


him chuſe one which approaches neareſt to them. I ſhould 
_ adviſe always the uſing one of theſe ſeven ſtars of the ca- 
. Aldebaran, Pollux, 9 the Virgin's Spike, 


Antares, 
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Antares, Fomalhaut, or Markab, in preference to any of 
the remaining five ſtars, unleſs the former ſhould very much 
exceed the limits of the table in page 4. as, being brighter, 
they will be eaſier found, and alſo their contact with the 
moon's limb better diſcerned than that of dimmer ſtars. 


An eaſy method now offers itſelf for the obſerver to find 
the ſtar in the heavens, ſhould he be unacquainted with it by 
ſight, He has nothing to do but to ſet the index of his 

uadrant to the number of degrees expreſſing the difference 
of the longitudes of the moon and ſtar, and direct his fight 
either to the eaſt or weſt of the moon, according as the 
longitude of the ſtar is greater or leſs than that of the moon; 
and having found the moon upon the little ſpeculum, let 
him give a ſweep with the quadrant to the right and left, 
and he will find the ſtar he ſeeks for nearly in a line per- 
pendicular to the line of the moon's horns, or longer axis, or, 
which is the ſame thing, in the line of the moon's ſhorter 
axis produced. El UTTM: | 


Ing order to attain the greater degree of exactneſs, it will be 

better to repeat the obſervations, till at leaſt three diſtances 
of the moon from the ſtar, and their correſponding altitudes, 
are obtained ; but the more that are taken the better. The 
ſum of all the obſervations of the diſtances, divided by the 
number of them, is to be regarded as the diſtance at the 


middle time, which is in like manner. obtained by adding 


together all the times ſhewn by the watch, and dividing 
their ſum by the number, as before. In like manner, the 
mean of the correſpondent altitudes muſt be found. But 
the interval of time between the extreme obſervations muſt 


not exceed half an hour; if it does, each obſervation muſt 


be cleared of refraction and parallax ſeparately, and the me- 
dium of the diſtances muſt be taken, after they are thus 
| | corrected, 
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14 Obſervations neceſſary to be made, 

corrected. Or the obſervations, if numerous, may be di- 
vided into ſeveral ſets, each included within the limits of 
half an hour, and the medium of each being taken, and 
cleared of refraction and parallax, their medium may be 
taken as the true and correct diſtance at the mean of all 
the times, 


\ 


I ſhall now recite a ſet of actual obſervations, taken by 
myſelf, and the officers of the ſhip, upon our coming into 
the Britiſh channel, on our return from St. Helena, in the 
night preceding the morning on which we made the Scilly 
iſlands; by computations from which, I ſhall exemplify 
each precept as I go along, - and laſtly deduce the true lon- 
gitude of the ſhip at the time. But J muſt here give a ge- 
neral caution once for all, and defire the obſerver to take 
particular notice, that the time made uſe of in the following 

atations is according to aftronomical reckoning, which 
begins the day from the preceding noon. The denomina- 
tion of the day at noon is the ſame in the nautical, in the 
civil, and in the aſtronomical account; but as it is the cuſ- 
tom of mariners to entitle the day's works in their journals 
by the noon'at which the day's work ends, theſe compu- 
tations are to be made according to the day of the month 
with which the day's work begins; or, in other words, the 
computations falling in with the time of any day's work in 
the log-book, muſt be made from the day of the month, 
which is leſs by one than the title of the journal. Thus, 
in the following example, the obſervations fall in with the 
time of the day's work in the log-book, which is entitled 
May 10; but in the computations muſt be reckoned to be- 
long to May 9g, and to ſuch hour, minute, and ſecond, as 
they follow the noon of May 9 ; ſo that if they happen af- 
ter midnight, they are not to be reckoned 1, 2, 3, &c. in 
the morning, but 13, 14, x5, &c. hours, counting the hours 
. | | up 
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up to 24 hours, or the next following noon. In the ex- 
ample, the altitude of the ſun taken in the afternoon is to 
be entitled May , 1762, 5h. 55m. 26. P. M. by the 
watch. The mean of the three diſtances of the moon from 
the Virgin's Spike, May 9, 11h. 33 m. 42 ſ. P. M. by the 
watch. The altitude of the ſun the following morning, 
May 9, 20h. 31m. 3ol.. P. M. by the watch. 


May 9, 1 _— time per 1 oh. 55m, 261, P. M. 
Apparent altitude of the An- 8 133 limb from the horiſon 
of the ſea was taken 8 deg. 352m. There is zz m. to be 


added for the error of the adjuſtment of the quadrant. The 


height of the eye above the ſurface of the fea was about 25 
feet. Our latitude at this time, by allowing for the ſhip's run 
ſince noon, was 49d. 2 m. N. and our longitude, by ac- 
count, 7d. It m. Weſt of the Royal ' Obſervatory at 
_ Gramwne. U CM 25 cg oh Re TO 


Intending to take the diſtance of the moon from ſome 
ſtar about midnight, I turn 7d. 11m, our longitude reck 


oned from Greenwich, into time, by the table in page 3. 
which produces 28 m. 441. which I add to 12 hours, be- 
cauſe we were in weſt longitude, gives 12 h. 28 m. 44ſ. or 
125h, P. M. nearly by the meridian of Greenwich, to which 


time I ought to find the moon's longitude and latitude by 
any ephemeris, caleulated for this meridian, or that of Lon- 


don. But ſyuppaſing-.I had no ephemeris at hand, I muſt 


theri make a rough calculation, according to the direQtions 
given in page 12, as follows. 
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16 Obſervations neceſſary to be made, 


| _— Long. of © | Fg O's Apog. 
1762. 9 10 6 £997 $0:29->- 
May. | a r 
1 32 
a 5 
M. 30 o 
1 17 46 . 
Equa. of O's centre — 1 28 1% % 4 bien 
Long of i 324. © 10 8 57 Mean An. © 
„ Mean Long.) Mean An. » Long. 8 
ö 8. 0 / S. Q J S. 9 3 
1762. xr 10 47 „ 1 
May. 14 1 10 5 9 as 
2 28435 3 % 35 © 90 
H 12 0: 635 0 32 85 90 
30 %o 0 16 9 o 16 — 6 50 
r 23 
Eq. of centre + 5 37 Arg. XI. of centre. 
„ nes: 4 
8 12 44 Arg. XII. of evection 3 12 18 
Evection — 1 19 Arg. XIII. of variation 6 22 11 
1 | 
Variation ＋ 28 
D's Long. 8 11 1 
113 | 
| 1 2 
Arg. of Lat. 7 o 30 | 
I's Lat. | 2 378. 


With the ſun's longitude, 18. 19d. 14m. I take the 
equation of time out of the table, p. 9, — 3m. 54 ſ. which 
ought to be ſubſtracted from 12 h. 30m. but being ſo ſmall, 


I neglect it in this rough calculation. 


The 
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The moon's long. being thus found to be 8 8. 11 d. 53m 
and her latitude 2 d. 37m.S. I find, by the help x the 
tables in page 4, that the Virgin's Spike is a proper ſtar to 
compare the moon with, their difference of longitude be- 
ing 51d. 22 m. and their difference of latitude being only 
5 m. the Virgin's Spike having leſs longitude, and conſe- 
quently being to the weſt of the moon. But as the full 
moon is paſt, the eaſtern limb is the enlightened one, which 
being moſt remote from the Virgin's Spike, 16m. muſt be 
added to 31d. 22 m. for the moon's femidiameter; which 
gives 5 d. 38 m. for the diſtance which the moon's limb 
will have — the Virgin's Spike, which is exact enough 
to ſet the index of the quadrant to for obſervation, and 
thence to find the ſtar, if it was not known. 


Sequel of the Obſervations. 


1762, May 9. Time by the watch, 11h, 26m. 45ſ. 
P. M. Diſtance of the moon's eaſtern and remoteſt limb 
from the Virgin's Spike was meaſured 51d. 38 m. by the 
Hadley's quadrant ; but 35 m. is to be added for the error of 
adjuſtment. At the ſame time,. the apparent altitude of the 
| moon's lower limb from the horiſon of the ſea was obſerved 
11d, 56m. and the apparent altitude of the ſtar 25d. 40 m, 


both including the dip, about 4m. but free from any error 
of the adjuſtment of the quadrant. 


In like manner, at 11h. 32 m. 35. and 11h. 41m. 451. 
P. M. by the watch, the apparent diſtances of the moon's 
limb from the Virgin' s Spike, by the quadrant, were 51d. 
40m. and 51d. 44 m, the apparent altitudes of the moon's 


lower 
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18 Obſervations neceſſary for finding the Longitude, 
lower limb from the horiſon of the ſea, 12d. 18m. and 
12d. 39m. and thoſe of the ſtar 25d om. and 23d, gym. 


Though the altitude of the ſun taken in the afternoon 
might be ſufficient for correcting the watch, yet for regu- 
lating it with greater certainty, another altitude of. the ſun's 
lower limb was taken the next morning at 8h. 31m. zo. 
or rather adding 12 hours, at 20d. 31m. 30ſ. P. M. and 
was found 42 d. 222 m. There is 2: m. to be added for the 
error of the quadrant. The height of the eye above the 
ſea was about 17 feet. Our latitude at that time was 49d. 
30m. N. and we had made 39 m. of longitude to the eaſt, 
ſince the altitude of the ſun taken in the afternoon. 


CHAP, 


[ 19 1 . 
TTT 
To compute the apparent or ſolar Time from the 
obſerved Altitude of the Sum, or a known Star, 
and thence to find the apparent Time of the 


Ohhervation of the Diſtance of the Moon from 
the Sum or Star. 


HE frſt thing to be done in computing the longi- 
| tude from the obſervations given, is to find the hour 

of the obſervation of the diſtance of the moon from the ſun 
or ſtar. In order to this, we muſt find the error of the 


watch, that is to ſay, how much it is too faſt or too ſlow, 


by the altitude of the ſun or bright ſtar taken for this pur- 

ofe. From the obſerved altitude of the ſun's lower limb, 
ſubſtract the ſum of the dip and refraction, taken out of the 
tables in page 1, and to the remainder. add 16 minutes for 
the ſun's ſemidiameter, and you have the true altitude of the 
ſun's centre. Or; if the ſun's upper limb was obſerved, 
ſubſtract the ſum of the dip, refraction, and 16 min. for the 
ſun's ſemidiameter ; but if the altitude of his centre was 


taken, ſubſtract the ſum of the dip and refraction. Sub- 
ſtract the true altitude of the ſun thus found from go deg. 


and you have his true zenith diſtance. 


In like manner the obſerved altitude of a ſtar muſt be 


leſſened by the ſum of the dip and refraction, and the com- 


plement to go is the true zenith diſtance. Take the decli- 
nation of the ſun out of the tables, which are to be found 
in all books of navigation, which deolination being com- 


puted for the noon of ſome fixed meridian, ſuppoſe London, 
D 2 muſt 
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20 To compute the apparent Time, 

muſt be corrected by allowing both for your longitude 
from thence, and the diſtance of. the. time from noon eſti- 
mated nearly. The beſt way is to add your longitude from 
London or Greenwich, turned into time, to the hour of the 
day, if you are to the weſt of it; or ſubſtract it, if you are 
to the eaſt of it, which gives the true hour at Greenwich; 
and ſay, as 24 hours is to this number of hours, ſo is the 
ſun's daily variation of declination from noon to noon; to a 
number of minutes, which add to the ſun's declination in 
the table at noon, if it is increafing, or ſubſtract if it is de- 
creaſing, and you will obtain the ſun's true declination 
required. = | 


The ſtar's declinations are found in the table, page 2 and 

The ſun or ſtar's declination, if of the ſame denomina- 
tion with the latitude of the place, ſubſtract from go deg. 
but if of a different denomination, add to go deg; and you 
have the diſtance of the ſtar from the pole of the world, 
which is above the horiſon. Find alſo the latitude of the 
ſhip at the taking the altitude of the ſun or ſtar, by allow-- 
ing for the ſhip's run from the latitude determined by the 
laſt meridian obſervation, and take its complement te go, 
or the colatitude. Now add together the zenith diſtance, 
polar diſtance, and colatitude, and take half the ſum; then 
add together the arithmetical complement of the ſine of the 
colatitude, the arithmetical complement of the ſine of the 
polar diſtance, the ſine of the half ſum found above; leſſened 
by the colatitude, and the ſine of the ſaid half- ſum, leſſened 
by the polar diſtance; half the ſum of theſe four loga- 
rithms is the ſine of an arc, which doubled gives the true 
diſtance of the ſun or ſtar from the meridian. Five places 
of logarithms will be ſufficient in this computation. The 
diſtance of the ſun from the meridian turned into time; at 
the rate of an hour for every 15 degrees, and 1 minute of 

| f time 
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time for every 15 minutes, and 1 ſecond of time for 15 ſe- 
conds, which is expeditiouſly done by the table in p. 3 and 4. 


gives the apparent time of the day, if it be the afternoon ; 
or, ſubſtracted from 12 hours, gives the apparent time of 
the day, if it be forenoon. 


To find the apparent time from the altitude of a ſtar, 
ſubſtra& its diſtance from the meridian from its right aſcen- 
ſion (taken out of table. page 2 and 3) if it be to the eaſt 


of the meridian, or add it to the right aſcenſion, if it be to 


the weſt of the meridian; the difference or ſum is the right 
aſcenſion of the mid-heaven. To the time of the day eſti- 
mated nearly, add your longitude from Greenwich, turned 
into time, if you are to the weſt of Greenwich; or ſubſtract 
the longitude turned into time, if you are to the eaſt of 
Greenwich, gives the time reduced to the meridian of 
Greenwich; to winch-compute the ſun's longitude, accor- 
ding to the directions in the beginning of the next chapter, 
and hence find his right aſcenſion by the table, page 27 
and 28, making a proportion for the minutes of the ſun's 
longitude” above the next inferior degree, Now ſubſtract 
the ſon's right aſcenſion from the right aſcenſion of the mid- 
heaven; borrowing 360 degrees, if neceſſary; the remainder. 
turned into time, by table in page 3 and 4, is the * 
time, reckoned from the preceding noon. 


The: difference between the e found, 
whether by the altitude of the ſun or a ſtar, and the time 
ſhewn by the watch, at the inſtant of taking the faid alti- 
tude, ſhews how much the watch is too faſt or too flow for 
apparent time, which difference being applied as a correc- 


tion to the time ſhewn by the watch, when the diſtance of 


the moon from the ſtar was taken; being added thereto if 
| . the 
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28: Jo compute the apparent Time, 


the watch is too ſlow, or ſubſtracted therefrom if it is too 


faſt, gives the eK time of the obſervation. 


Ex ample of a Computation of the ere Time from the 
Altitude of the Sun, recited above, taken . n I Ps 
Sh. 55m. 26f. P. M. per Watch 


@; 
Altitude of the ſun's lower limb by the nadrant 8 352 
Add. on account of the error of the quadrant ＋ 3 
Altitude of the ſun's lower limb corrected 8 39 
Subſtract ſum of dip 5, and refraction 6 | — IL 
True altitude of the ſun's lower limb — 8 28 
Add ſemidiameter of the ſun — + 16 

1 | Be af 4 8 14 
Subſtract from — — 5 
True zenith diſtance of the ſuuinn c 81 16 
Diſtance of the ſun from the elevated or north pole, | 

' =90%—179 28“ his declination at that time =72 32 
Complement of the latitude =90---49? wn 2: =40 39 
Sum of zen. diſt. of ſun. pol. diſt. of ſun, and colat. 1 94 27 
Half the ſum — 97 13 
Ar. compl. ſin. colat. os 40.39 o. 18618 
Ar. compl. ſin. pol. diſt. 72.32 0.02050 


Sin. of + ſum'— colat.=97® 13-40% 39'=56. 34 9-92148 
Sin. of a fum—pol. diſt. 297 132 —72 32 4.414 9.62090 


— — 


Sum of four logarithms — 19.7490 
Half ſum | | — | 9.87450 
Is fine of 489 30; | 

2 


Sun's horary angle 97 1 
| | This, 


* 
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This, by table, page 3 and 4, gives the apparent time, 
6h. 28 m. 4 ſ. P. M. The time by the watch was 5 h. 
55m. 26ſ. P. M. Hence the watch is 32 m. 38 ſ. too flow 


for apparent time. : 


I ſhall now give an example of the computation of the 
time from the altitude of the Virgin's Spike, recited above, 
taken May 9, 1762, at 11h. 26m. 45ſ. P. M. per watch, 
at the time of taking the firſt diſtance of the moon from 
the Virgin's Spike. But this is to be looked upon only as 
an example of the method of calculation, the time deter- 
mined from hence not being to be depended on ſo exactly 
as that from the altitudes of the ſun, for want of a better 
horiſon. The latitude of the ſhip at that time was 49d. 
23 m. N. and ſhe had made 17 zm. of longitude to the eaſt, 
ſince the altitude of the ſun in the afternoon. The right 
aſcenſion of Spica Virginis is at this time 198 d. 1om. 371. 
and its declination 9d. 4m. . 


| | 0 7 
Obſerved altitude of 33 „„ 
Subſtract ſum of dip 4, and refraction 2 — 6 
True altitude of Spica — 25 34 
90 
Subſtract from go leaves true 64 26 
Zenith diſtance of Spica Virginis, diſtance 755 
Spica from elevated or north pole = go 
+99 55 = 99 =- 
Colatitude =90---499. 23 = 40 37 


Sum of zenith diſtance of the ſtar, polar diſtance 
of the ſtar, and the colatitulle 204 58 
Half ſum — — 102 29 


— PAD 
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Ar. compl. ſin. colatitude 40.37 o. 18642 
Ar. compl. ſin. pol. diſt. — 99.38 0.00654. 
Sin. half ſum colat. 102.2940. 37 261.92 9.94340 
Sin. half ſum --- pol. diſt. =102.29---99-55= 2.34 8.65110 


Sum of four logarithms 18.78946 
Half ſum — — 9.39473 
is fine oßkk(ꝛq — 14 227 
Doubled, is horary angle, . . 
or diſtance of Spica Virginis from the me- 
ridian to the welt; therefore, add it to the 
right aſcenſion of Spica Virginis 198 105 
Gives right aſcenſion of mid heaven 226 55 


Too the eſtimated time, which is exactly midnight, or 
12 h. P. M. add 28m. for about 7d. of longitude weſt of 
Greenwich, gives the time reduced to the meridian of 
Greenwich, 12h. 28m. or 122 h. P. M. to which time 
compute the ſun's longitude, which comes out 18. 19d. 1 5m. 
Hence the ſun's right aſcenſion, by table, page 27 and 28, 
is 46d. 47m, which ſubſtract. from 226d. 55m. the right 
aſcenſion of the mid-heaven, found above, leaves 180d. 8m. 
for the apparent time in parts of the equator, which, by 
table, page 3 and 4, gives the apparent time 12h. om, 321. 
But the time ſhewn by the watch was 11h. 26m. 45. 
hence the watch is 33m. 47 ſ. too low for apparent time. 
By the altitude of the {un taken in the afternoon, the watch 
was then 32 m. 38 ſ. too flow for apparent time; but ſince 
that time, the ſhip having made 174m. of a degree of lon- 
gitude towards the eaſt. = 1m. 10ſ. of time; the watch 
ought to be ſo much flower than it was in the afternoon, or 
33m. 48. toe ſlow for apparent time, with which the ob- 
lervation of the Virgin's Spike happens to agree exactly. 


Com- 
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Computati on of the Time from the Altitude of the Sun recited 


above, taken May 9, 20h. 31m. 30ſ. P.M. by the Watch. 


Obſerved altitude of the ſun's lower limb 42 22% 

Add error of quadrant — 1 

Altitude corrected for error of quadrant | 42 #9 

Subſtract ſum of dip 47, and refraction 1 — 5 

True altitude of the ſun's lower lid 42 20 

Add for ſemidiameter of the ſuinn ＋ 16 

True altitude of the ſun's: centre 42 36 

Subſtract from — 90 o 

True zenith diſtance of the ſun 47 24 
Colatitude 2909499 30ʃ 401 30 

Diſtance of the ſun from elevated or north 

pole 90-17 39 72 21 

Sum — — 160 15 

Half ſum _ ; !! — ,". i BD 11-1 FG 

Ar. compl. fin. colat. —— 40.30 0.18746 

Ar. I. fin. pol. diſt. — 72.21 0.02094 

Sin. half ſum — colat. 80.72 —40. 30 : 39.37% 9.80465 

Sin. half ſum — pol. diſt. 80.72 —72.212— 7.464 9,13124 

Sun... — — 19. 14429 

f ſum — — 9.57214 
is fig of 21% 555% 
oe = 
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Doubled, is 43 51 = horary angle, or diſtance of the ſun 
from the meridian to the eaſt; and turned into time by table in 
page 3 and 4, = 2h. 535m, 24ſ. which, ſubſtracted from t2, leaves 
gh: 4m. 36. A. M. apparent time, or rather 2 Th. 4m. 36ſ. P. M. 
reckoned from the preceding noon, The watch was Sh. 31m. 
30ſ. hence the watch is 33m. 6f. too ſlow for apparent time. 
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26 Jo compute the apparent Time, 


By the altitude of the ſun in the afternoon before, the 
watch was 22m. 4261. too flow for apparent time; therefore 
it ſeems to have loſt 28f. ſince that time, in 14 hours and a 
half; but the ſhip has made 39m. of longitude to the eaſt, 
=2m. 36 ſ. of time, in the interval; and conſequently the 
watch ought to have appeared to have loſt 2m 36ſ. of 
time; but it appears to have loſt only 28ſ. therefore 
the watch has really got the difference between 2m. 36f. 
and 28ſ. or 2m. 8ſ. in 145 hours, which agrees very well 
with the reſult of all the obſervations made of late, by 
which, when the change of meridians is allowed for, it gets 
at the rate of about 35 m. in a day upon ſolar time. 


As the altitude of the Virgin's Spike was not taken to 
compute the time from, nor could be had ſufficiently exact 
to determine it certainly within a minùte, through the ob- 
ſcurity of the horiſon, I ſhall deduce the'error of the watch 
from the altitudes of the ſun. By the firſt altitude of the 
ſun, at zh. 55m. 26f. P. M. by watch, the watch appears 
to have been then 32m. 38. too ſlow for apparent time, 
which might be added tq_the mean of the three times 
ſhewn by the watch at the taking of the. three diſtances. of 
the moon from the Virgin's Spike, to find the apparent 
/// ˙A = Ho 109 ĩᷣ . 

But as the watch appears, as well by. the two altitudes of 
the ſun above recited, as by all the obſervations, made of 
late, after allowing for the change of the meridians, to be 
Funzt rate of about 33 m. per day upon ſolar time, 
[ wilt” ſuppoſe it to have got at the ſame rate between the 
taking of the altitude of the ſun in the afternoon, and the 
time of the taking the diſtance of the moon from the ſtar. 
The three times by the watch, at the taking of the three 
"diſtances of the moon's limb from the Virgin's Spike, "_ 

| | 11h. 
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1h. 26m. 45f. 11h. 32m. 35, 11h. 41m. 45. the ſum 
of which, divided by 3, is 1 Th. 33m. 42ſ.: the mean time 
of the three obſervations by the watch. The interval of 
time between Fh. 5 5m. 261. the time between the taking 
of the ſun's altitude in the afternoon and this is about 5 h. 
in which time the watch will get 4 5f. at the rate of Zzm. 
per day. But at 5h. 55m. 26ſ. P. M. by the watch, it was 
32m. 38ſ. too flow for apparent time; and at 1 Th. 33m. 
42ſ. having got 45. it will be then only 31m. 531, too 
flow for apparent time, which, added to 11h, 33m. 42ſ, 
gives the apparent time of the obſervations of the diſtance 
of the moon's limb from: mg Visi s Spike, May 9, 
12h, . 35% P, = | 
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To compute the Sun's Longitnde, the Moons Lon- 
_ gitude, Latitude, horiſontal Parallax, Semi- 
diameter, and bourly Motion, at any given 
1 Time, 'by the Meridian of Greenwich. | 


O the apparent time of the obſervations of the diſtance 

of the moon from the Virgin's Spike, which has 
been found above to be, May 9, 12h. 5m. 457. P. M. add 
28m. 441. of time, which, by table, page 3 and 4, anſwers 
to 7d. 11m, of longitude weſt from Greenwich, by account 
when the altitude of the ſun was taken in the afternoon, by 
which the watch was corrected. The ſum is 12h. 44m. 
I 91. the apparent time at Greenwich, according to the ſhip's 
reckoning. To this time the ſun and moon's longitude, 
latitude, &c. muſt be computed. If the ſhip had been eaſt 
of Greenwich, the longitude by account turned into time, 
muſt have been ſubſtracted from the apparent time. It may 
be thought, the apparent time of the obſervation of the di- 
ſtance of the moon from the ſtar ought to be reduced to the 
time at Greenwich, by the longitude of the ſhip by account 
at that time; but as the watch, corrected by the altitude of 
the ſun, muſt continue to ſhew the time according to the 
meridian where that obſervation was made, the longitude of 
the ſhip's account at that time muſt be uſed. 


1. To find the Sun's Longitude. 


Jo the-ſun's mean longitnde for the beginning of the 
year, add his mean motions to the beginning of the month ; 
and likewiſe for the day of the month, hour, minute, and 
| 2 ſecond 
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ſecond of time given, according to the tables in page 6, the 
| ſum is the mean longitude of the ſun at the given time. 
Only in leap year, in the months of January and February, 
compute for the day of the month preceding the given day. 
In like manner, to the longitude of the ſun's apogee for the 


beginning of the year, add his motion to the beginning of 


the month, and for days. The fum ſubſtracted from the 
ſun's mean longitude, found above, is his mean anomaly, 
with which take out the equation of the centre from page 
7 and 8; this added to, or ſubſtracted from, his mean lon- 

gitude, gives his true longitude nearly, With this take out 
the equation of time from the table in page 9, and find by 
the table in page 6, the motion of the ſun anſwering to that 
number of minutes and ſeconds of time, and add it to, or 
ſubſtract it from, the ſun's longitude found nearly above, 
according to the fign of the equation of time, gives the true 
longitude of the ſun. | 


In the example following, the mean longitude: of the 
ſun is 18, 179, 46m. 2 2ſ. and the longitude of his apogee 
38, Sd. 49m. 576, which being ſubſtracted from the for- 
mex, leaves 108. 8d. 56m. 251. the mean anomaly of the 
ſan, with which take the equation of the ſun's centre out of 
table, page 8, +1d. 28m. 38ſ. to be added to the mean 
longitude of the ſun, 18. e 46m. 22ſ. whence the true 
longitude of the ſun near 18. 19d. 5m, of, With this 
take the equation of time * rom table, page 9, — 3m. 54ſf. to 
which the motion of the ſun correſponding by table, page 6, 
is —71. to be ſubſtracted from the true longitude of the 
fun found nearly, (becauſe the equation of time is ſub- 


ſtractive) . 18. bra 14m. 531. the true longitude of 
the lun, 
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2. 2 0 compute a Moon” s ande Latitude, 6 
nnn r 
To the apparent time at Green wiel, by which tie ſun's 
longitude was computed, add or ſubſtract the equation of 
time, according to its ſign, and you have the mean time at 
Greenwich by accbunt; to which time the moon's longi- 
tude, N dc. muſt be „ nu the tables. 
e . AI 10 341 4 015: 5. 4 
N. B. * ſttimeſs the equation of dnl ought to be made 
uſe of which belongs. to the ſon's longitude, at the time 
when the altitude of the ſun or ſtar was taken, by which 
the watch was corrected; and not that at the time- of the 
obſervation of the diſtance of the moon from the ſtat: but 
as the interval of theſe times need never exceed 12 hours, 
chen error hence ariſing can never exceed a quarter of a 
minute of time, which is of no conſequence in this caſe. 


In the example the apparent time at Greenwich by ac- 
count is 12h. 34m. 197. P. M. from which the equation of 
time, — zm. 54. being ſubſtracted, leaves 12h. 30m. 2 5h. 
P. M. the mean time at Greenwich by account; to whieh 
time compute the moon's ns; latitude, 8 1 the 
ing —A 1:4 02 155 3 8 28 
From the übles in | page. 10 bandit r; uke out the mean 
longitude of the moon, mean anomaly of the moon, and 
mean longitude of the aſcending node for the beginning of 
the year, and the mean motions to the beginning of the 
month, and for the days, hours, minutes, — ſeconds of 
the mean time laſt found. Add all the numbers belonging 
to the mean longitude together, and likewiſe all belonging 
to the mean anomaly together, and you have the mean 
longitude and mean anomaly of the moon at the given time. 


But 
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But from the mean, longitude of the node for the beginning 
of the year ſubſtract the ſym. of all the mean motions be- 
longing to the node, and you have the mean longitude of 
the aſgending node at the given time. Thus, in the ex- 
ample, the mean longitude of the moon comes out 88. 7d. 
8m.. 27ſ. the mean anomaly of the moon, 98. 23d. 28m. 
24ſ. and the mean longitude of the aſcending node, 1 8. 
IId. Zim. 1 


BY [2 O NODE 2117 1 29 U11 fl.! | 5 1 
Next find. the arguments. of the ten fi equations in 
the nene MIS ga od uin ul 


» 7 % 


qu. I. 7 The argument 5 the firſt equation is 8 mean 
anomaly of the ſun, found above. in Semen the ſun's 
longitude. This in the example is 108. 8d. 56m» There- 
fore: the firſt equation, by table, I of. FG: „ag Is 
— 8m. 391. 1 110 7 ie 9: * 7115 f | 1e 1 


Egqu- II. From the mean \ longitude * the moon, 8 8. nd. 
m. ſubſtract the true longitude; of: the ſun,, 18 8. 10d. 1 Im. 


gives the mean diſtance of the moon from the ſun, 6d. 17m. 
.331. double this diſtance is 18. 5d. 46m. to; which add 
the mean anomaly of the ſun, 10 f. 8d. 5m. gives the ar- 
gument of the ſecond > ah 118. 14d. 4 whence 
the ſecond equation is +141. , 


| 73 ; 7 94 
115 Lud r 2 1 fl 75 244 8 
- 


Equ. III. From double the 3 of the moon from 
the, ſun, 18. »5d. 460. ſubſtract the mean anomaly of the 
ſun, 108. 8d. 56m. gives the argument of the third equa- 
tion, 28. 26d. 5om. whence the third equation is im 2 . 


Equ. W. From argument the eons 118. 14d. 42m. ſub⸗ 
ſtract the, nan — of the, wee 99599: Fimpgies 
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the argument of the U equation, 18. 41d. 14m. whence 
the fourth Nr is 1 _—_ "nh, | | 


Equ. v. From bee the third, 28 260. com, fub- 
tract the meafi anomaly of the moon, 98. 24d. 28m. gives 
the argument of the fifth e Os 36 22m. 1 
che Aren e 30 | 


Equ. VI. To double the diſtance of the moon 1 Aeon the 
fun, 18. 5d. 46m. add the mean anomaly of the moon, 
958. 23d. 28m. gives the argument of the figth'e uation, 
10 8. 29d. 14m. whence the ſixth equation is ths 


Ba: VH. From the mean longitude: of the moon, 8S. 
ſubſtract the mean longitude of the node, 18. 11d. 
— gives the mean diſtance of the moon from the node, 
68. 2 5d. 47m. from the double of which diſtance, or 18. 
21d. 34m. ſubſtract the mean anomaly of the moon, 68. 
23d. 28m. gives the argument of the ſeventh equation, 
38. 28d. en. wende the en equation. is en ft 


MIN VILE. Flues ben anomaly. of the Moon, 98. 
23d. 28. ſubſtract the meat anomaly of the ſun, 108. 8d. 
5ëm. gives the argument of the eighth N 1 1 1 14d. 
32m. whence the eighth equation is — 111. 


Equ. IX. From the mean longitude of the node, 18. 
1rd. 2 fubſtract the true longitude of the ſun, 18. 19d. 
15m. gives the diſtance of the node from the ſun, or the ar- 
gument of the ninth equation, 118. 22d. ow” whence the 
ninth + ama N IS —_—_ 


Equ. X. From che diſtance of 1 moon Frome the ſun, 
48, 17d. 53m. ſubſtract the mean anomaly of the moon, 


98. 
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= 23d. 28m. gives the argument of the tenth equation, 
8. 24d. 25m. whence the tenth equation is +1af. 


Nov add the ſum of ſuch of the ten equations as are ad- 
ditive +3m. 12ſ. to the mean longitude of the moon, 888. 
7d. 8m. 271, gives 98. 7d. 11m. 39ſ. and from thence ſub- 
ſtract the ſum of the other of the ten equations, which are 
ſubſtractive —10m. 511. gives the longitude of the moon 
correct, 8 8. 7d. om. 48. | | 


Equ. XI. and XII. Correct the mean anomaly of the 
moon, 98. 23d. 28m, 241. by adding the ſum of ſuch of 
the ten equations as are additive + 3m, 12f. and lubſtraſtiog 
the ſum of the reſt, which are negative —1om. 5 1ſ. an 
further apply the double of the firſt equation, or —17m. 
 I$C, gives the mean anomaly of the moon correct, or the 
argument of the eleventh equation of the centre, 98. 23d. 


3m. 271. 


From the longitude of the moon correct, 8 S. 7d, om. 481. 
ſubſtract the longitude of the ſun, 18. 19d. 14m. 531. gives 
the diſtance of the moon from the ſun correct, 688. 17d. 
45m. 551. from which diſtance doubled, 15. gd. 31m. gol. 
ſubſtract the mean anomaly ef the moon correct, or argument 
the 11th, 98. 23d. 3m. 27ſ. leaves the argument of the 


twelfth equation, the evection, 38. 12d. 28m. 23ſ. 


* 


With the mean anomaly of the moon correct, 95S. 23d. 
3m. 271. take out the 11th equation of the centre, + 5d. 
38m. 391. which, applied to the longitude of the moon 
correct, BS. 7d. om. 48. gives the longitude of the moon 
corrected by the equation of the centre, 88. 126. 39m. 271. 


F With 


34 To compute the Moon's Longitude, Latitude, Sc. 
With argument 12th, 38. 12d. 28m. 23ſ. take out the 
12th equation, the evection, — Id. 19m. 3ſ. which applied 
to the longitude of the moon corrected for the equation of 
the centre, 8 8. 12d. 30m. 27ſ. gives the longitude of the 
moon equated, 88. 11d. 20m. 24ſ. 1 | 

Equ. XIII. From the longitude of the moon equated, 
8S. 11d. 20m. 24, ſubſtract the true longitude of the ſun, 
18. 19d. 14m. 53f. gives the argument of the 13th equa- 
tion, 68. 22d. 5m. 110 whence the 13th equation, the va- 
riation is + 29m. 7. which, applied to the longitude. of 
the moon equated, 8S. 11d. 20m. 24. gives the longitude 
of the moon reckoned in her orb, 8 8. 11d. 49m. 311. 


E qu. XIV. To the mean longitude of the moon's afcend- 
ing node, 18. 11d. 21m. 12ſ. apply the firſt of the ten equa- 
tions — 8m. 39, gives the longitude of the moon's aſcend- 
ing node corrected, 18. 11d. 12m. 33ſ. which ſubſtract 
from the longitude of the moon in her orb, 8 8. 11d. 49m. 
31ſ. and you have the argument of reduction and of latitude, 
78. od. 36m. 58. which gives equ. 14, the reduction — 6m. 
6. which, applied to the longitude of the moon in her orb, 
88. 11d. 49m. 3 1ſ. gives the true longitude of the moon in 
the ecliptic, 8 8. 11d. 43m. 251. 


Latitude I. With the argument of latitude, 78. od, 
36m. 581. take out latitude firſt, is 2d. 37m. 171, South. 


Latitude II. To argument the gth, 118. 22d. 6m. add 

argument the 13th, 6S. 22d. 5m. gives argument of lati- 
tude ſecond, 68. 14d. 11m. whence latitude ſecond is '2m. 
gf. S. The - fam of this and latitude firſt, ad. 37m. 17f. S. 
as they are both of the ſame kind, gives the moon's true la- 
the | TD titude, 


Jo compute the Moon's Longitude, Latitude, Se. 3 5 


titude, 2d. 39m. 26ſ. 8. If theſe two latitudes had been 
of contrary denominations, that is to ſay, one north and the 
other ſouth, their difference would have been the true lati- 
tude of the moon, of the ſame kind with the greater latitude, 
With argument 11th of equation of centre, 9 S. 23d. 2m. 
take out the equatorial parallax of the moon, 55m. 471. 
With argument 12th of evection, 3S. 12d. 28m. take out 
the firſt equation of parallax, .+8ſ. and with argument 13th 
of variation, 68. 22d. 5m. take out the ſecond equation of 
parallax, +2of. which being both applied to the equatorial 
parallax, 55m. 47ſ. give the horiſontal parallax of the 
moon correct, 56m, 151, From hence find the horiſontal 
ſemidiameter of the moon by table, page 23, 15m. 211. to 
which add from the table in the ſame page, 31. for the aug- 
mentation for the altitude of 12d, gives the apparent ſemi- 
diameter of the moon, 15m. 2444. x 


From the table of the moon's hourly motion in page 24, 
with argument 11th of centre, take out the moon's hourly 


motjon, 31m. 22ſ. With argument 12th of evection, take 


out the firſt correction of the hourly motion, +8f. With 
the mean diſtance of the moon from the ſun, uſed in making 
out the ſecond of the firſt ten equations, take out the ſecond 
correction of the hourly motion, +341. Theſe both ap- 
plied to 31m. 221, give the true hourly motion of the 
moon, 32m. 4f, 
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ts Example of the Caleulation of the Sun's Longitude, May 


2 Meridian of the Royal Obſervatory at Greenwich. : 


8.4 
1762, 9 10 6 283 8 49 35 
May. 3 28 16 40 21 
D.g. 4 ' 8 52 15 0 
H. 12. 29 34 ol 
M. 34. 1 24 
II = 


Equ. '©'s centre . 1 28 38 1 17 46 2 

Long. © neatly 1 19 15 ow 8 56 27 

Equ. of tim — 3 54 Mean anomaly of O 

Corr. mot. of © — 7 Arg. of equ. of O's centre. 


„ 


* 


Apparent tine 12 34 19 P. M. 


= Equation Fe — 3 , ð 
Mean time 12 30 25 P. M. 


- 


An 


re 


＋. 27 73 


An Example of the Calculation of the Moon 's Longitude, Latitude, Ho- 
riſontal Parallax, Semidiameter, and hourly Motion, May 9, 1762, 


at 12h. zom 25f. . M. mean Tame by ;the Meridian of the Royal 


N at N 
| * 
80 of T7 EMA 
um © 5 Long 
Long. P corr. . Ke | 
Equat. XI. of cen. ＋ 5 38 39 Doub. diſt. D © 1 5 46 Per 80 ; 
- 7 r I 727 ins. | + | — 
Bqu. XI. eve}. 12. 30 77 T 77 77 4 
Long. E. S -14 20 240 * 8 39 X 
Equ. XIII. rains, 2 25 8 3 1. — 11 14 42 | 1 
Long. ) in © 8 2 E. O.— Arg. 1. II. 2 2 j 
: Equ. 14 ReduR, 455 00 61 Arg. 3 An. D ** 1 21 7. 4 A 
Long. e 8 11 43 2 „3 Ale. Au, DIN. 5 3 22 | 11 
— — —— — . 2 1 n + vir 49 16 46 4 
II 29 4 1 Sue An. Arg. 1. VIII II 14 32 21 l. 
Jak I Lang-@rr lope. N. ſig 32 6 13 1 
True lat. 75 5 _ 2 8. | Da e. . 5 824 25 1 11 
f ö | E | 1 3 Sums Ji 51 by 
 Horiſontal benen of 3. — 22 5 
Arg. XI. 1 4 Ben of zen egyations — | 7 55 4 
* 2 „ fMean anomaly of e A; 
Arg. XIII. * 20. 2 Ly 07D 9 23 28 24 1 
— 5 — 1 : 3 4 55 3% 23 28 45 + 
Hor, par.of Þ 356 co rere oo rk BY 5 
Hor. ſemidiam. » [3g 21 8 * D Corr. Arg. XI. 9 23 $27 '4 
883 128% 3 BIA, d..© corr. — 6 17. 45 55 in 
Pp. ſemidiam. y 7115 24 75 Da © corr. $181: 48- $0| - 1 
e Fi obprettion — 3 12 [28 23 ! 
Arg. XIII. of variation 11 . 
2 Hourly motion of?) brig long. of- 3 — 2 "285 038 of? 72 by 
e. 2. A1 BIN ar _ 22 guat. I. correction of 8 — 8 309 b 
1 : I. [Long. S com. — 1 I 42. 32 b; 
ean diſt. ) 2 O "+ _34 rg. of lat. and reduction 58 19 
Te bor. mot. of Þ 32 4 Arg. IX. T arg. XIII. is arg. lat. II. 6 14 11 0 


8 % 


e H A r. V. 15 


2 reduce the ob ſerved 3 f a Man: * 
Limb from a Star, or from the Sun's Limb to 
the apparent Diftance of the Centres, by allow- \ 
ing the Moon's Semidiameter, or the Sum of 
90 8 emidiameters of the Sun and Moon; 3 and 
to clear the apparent Diſgance of the Centres 


M; the Effects of Refradtion and Parallax. I 


1. 7 0 correct the obferved Diftance by the Mo? 5 S e 
or The Sum of the RUG meters. of the Sun and Moon. 


okkker the oblerved diſtance of the moon's 
Þ limb from a ſtar by allowing the error of the adjuſt- 
ment of the quadrant ; and to the diſtance thus corrected 
add the moon's apparent ſemidiameter, increaſed according 
to her altitude, if the limb obſerved was that neareſt to the 
ſtar; but ſubſtra& the ſemidiameter, if the limb: obſerved 
was that fartheſt from the ſtar. This gives the apparent 
diſtance of the moon's centre from the ſtar. But the 
obſerved diſtance of the ſun and moon's negr ſt limbs, firſt. 
corrected for the error of the quadrant Rea the ſum of 
the ſemidiameters of the ſun and moon; this gives the ap- 
parent diſtance of the centres of the ſun and moon. The 
ſemidiameter of the ſun is found from table in page 5, 
and the ſemidiameter of the moon is found from her pa- 
rallax by table in page 23; as is alſo the augmentation for 
the degree of altitude. In this example, the mean of the 
three obſerved diſtances of the ſtar from the moon's re- 
moteſt 


— — — » —— 1 . - * — — — 
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moteſt limb was 51d. 40m. 40ſ. to which adding the error 
of the adjuſtment of the quadrant, 3m. 20ſ. gives the ap- 
parent diſtance corre, 51d. 44m. of, from which ſub- 


ſtracting the moon's ſemidiameter, 15m, 251. becauſe the 


obferved limb was that furtheſt from the tar, leaves 519. 


28m. 3 5ſ. the e diſtance of the ſtar from the moon's 
centre. 


2, To clear the apparent Diſtance of a Star from the Moon's 
Centre, or the apparent Diſtance: of. the Centres of the Sun 
and Moon, Jools the Eft of Nefraction. 


Correct his obſerved altitude of the ſtar by the error of 
tenen, if any; and ſubſtract the dip of the horiſon of. 
the ſea, and you have the apparent altitude of the ſtar. 
From the obſerved altitude of the moon's upper or lower 
limb, firſt corrected for the error of the quadrant, if any, 
ſubſtract the dip, and add 16m. if the lower limb was ob- 
ſerved, but ſubſtract 16m. if the upper limb was obſerved, 
and you have the apparent altitude of the .moon's centre. 
If the diſtance of the moon was taken from the ſun, add 
the difference of the dip and 16m. to the obſerved. altitude 


of the ſun's lower limb, corrected for the error of the qua- 


drant if any, and you have the apparent altitude of the 
ſun's centre. To the apparent altitudes of the ſtar, and of 


the centres of the ſun and moon, add three times the re- 


fractions belonging to thoſe altitudes reſpectively, found 
from the table in page 1, and you have the altitudes of the 

ſtar, ſun, and moon increaſed, the complements of which 
to go are their zenith diſtances diminiſhed. 


Now add together the logarithm tangents of half the 
* and half the difference of the diminiſhed zenith nme 
0 


40 T) thay parent Dif. from the 2 of Neue 


of the moon and ſtar, or of the ſun and moon. The ſarn, 
abating 10 from the index, is the tangent of are the 1ft. 


To the tangent juſt found add the totatigettt of half the 


appatent diſtance of the ſtar from the thoof's centre, of the 


centtes of the fan and moon; the fam, abating 10 from the 
index, is the tangent of arc the 2d. 


Then to the tangent of double the firſt are add a con- 
kalle l lgarithm, 9.0469, and from the ſum ſubſtract the 
ſine ry double the f{eeond ard, leaves the logarithm of the 
number of ſeconds expreſſing the effect of refraction re- 
22 which added always to the a diſtante of the 

fret the thoon's centte, of of the centres of the ſun 
and 00h, gives: the diſtance cleared of: refraction, | 


Tiago of rbe Compatation of the Efes of ahead, 


| EW 

Mean of thter obferved Attitudes of 755 ſtar x 21 32 
— 2 172 — — 4740 208 Bw 
| 2223 hb — 4 

Add — Ga tofraction for ahitade 269 + 6 
Altitude of the ſtar . 1 
Complemetit fo 90 is Zenith ſtance vf 9 diminiſhed 67 5 5 
—— 

8 three obſerved altitudes of te moon os lower limb 12 18 
Er of Jos rant | _—_— — 0D 
— — 4 

704 f rr us. — + 46 
Add three times the refraction for aleitue + 13 
Altitude of the moon's centre increaſed. — 12 43 
Sompl. td 90 is zenith Giftance of Wessen demand 77 17 
Penith [+ an of ſtar diminiſhed — 65-6 


To clear apparent Diſtance of the Ffedt of Parallax. 41 


Half ſum 719 11' tangent 10.4675 
Half difference 69 f tangent —v— 9.0276 
Tangent of arc the firſt, 17 22 — 9.4951 
Cotan. half apparent diſtance of che ſtar from the moon's 
' centre 259 44 r ˖ 271129 5 ge 
„ —ͤ— — — 

Tangent of arc the ſecond, 32 58 gi - 9.8121 
Double arc the firſt, 44.9 44 tang. FI, 5 | 9.84.09 
Cone eee „ om TT mona 
Sum — — 5, e898 
Double arc ſecond, 659 56 fine ſubſtract. e ngaghog | 
Logarithm of 86”, the effect of refraction | 1.937 3 
Apparent diſtance of the Virgin's Spike from the _ 

moon's centre | R HI 88; 25” 
Add the effect of refraction 55 i, 
Apparent diſt. of che tar from the moan's «centre, Eh: 

cleared of retraction Oo ere 51 30 1 


3. To elkar the apparent Diſtance 8 a Star from the Moons Cen- 
tre, or of the Centres of the Sun and Moon of the Effect of 


Parallax. 


From the obſerved ö of the ſtar, and the moon's 
upper or lower limb, or the ſun's lower limb, firſt corrected 
for error of quadrant, ſubſtract the ſum of the dip and re- 
fraction from tables in page 1, and add further 16m, to the 
altitude of the ſun or moon's lower limb, or ſubſtract 16m. 
from the altitude of the upper limb, gives the true altitude 
of the ſtar, and of the centres of the ſun and moon; the 
complements of which to god. are their true. zenith di- 


ſtances. | 
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42 Jo clear — | hen of the Eser of Parallax. 


Then add together into one ſum. the tangents of balf the 
ſum and half the difference of the true zenith diſtances, and 
the cotangent of half the apparent diſtance of the ſtar from 
the moon's centre, or of the centres of the ſun and moon 
cleared from refraction; the ſum, abating 20 from the in- 
dex, is the tangent of arc the fecond correct, (which i is nearly 
the ſame with arc the ſecond, found above in computing re- 
fraction) the ſum of this, and half the apparent diſtance of 
the ſtar from the moon's centre, if the zenith diſtance of 
the moon is greater than that of the ſtar; or their diffe- 
rence, if the zenith diſtance of the moon is leſs than that 
of the ſtar, gives arc the third. To the tangent of arc the 
third add the coſine of the apparent zenith diſtance of the 
moon's centre, cleared of refraction, and the logarithm of 
the moon's horiſontal parallax, expreſſed in minutes and de- 
cimals, the ſum, abating 20 from the index, is the loga- 
rithm of the number of minutes m_—_— the effect of pa- 
rallax, in augmenting or contracting the diſtance of the moon 
from a ſtar, which always abſtract from the apparent di- 
ſtance of the ſtar from the moon's centre, or of the centres 
of the ſun and moon, cleared of refraftion, except arc the 
third ſhould be the difference of arc the ſecond, and half 
the diſtance of the moon and ſtar; and at the ſame time, 
arc ſecond be greater than' the aid half diſtance of the 
moon and ſtar, or ſun, in which caſe add the effect of pa- 
rallax to the apparent diſtance cleared of refraction, gives 
the true diſtance of the ſtar from the moon's centre, or 
of the centres of the ſun ue moony OR an _w_ refraction 
and x pow COPING 
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11 
Mean of three obſerved altitudes of ſtar by quadrant © 52 
Error of quadrant — — 8 0 
Subſtract ſum of dip 4 and relraction 15 — 6 
True altitude of the ſtar : 24 : 46 
The complement to > 90 is the t true zenith dit. of ſtar 65 14 


Mean of three obſerved altitudes of the moon's lower limb 12 18 


Error of quadrant — 0 
Subſtract ſum of dip 4 and refraction Cub — 8 
Add ſemidiameter of the moon — + 16 
'True altitude of the moon's centre — 12 26 
Compl. to go is the true zenith diſtance of the moon 27 24 
Zenith 3 of ſtar —— — 14 
Half ſum of zenith diſtances 719 24 tang. 10.4730 
Half difference of zenith diſtances 6 10 tang. 9.0336 


Half diſt. of ſtar from the moon's centre 25 45catang. 10.3166 


Sum, tangent of arc ſecond correct 33 39 9.8232 


Sum of arc 2d and + diſt. of moon fr. ſtar 59 24 tang. 10.2281 


Moon's zenith diſtance — 77 34 coſine 9.3330 
Moon's horiſontal parallax 36 149" a0 5 log. 1.7501 
Logarithm of effect of parallax 20, 48 go“ 29“ 1.3112 


This by the rule is here to be ſubſtracted from 51d. 
zom. 1ſ. the apparent diſtance of the ſtar from the moon's 
centre, cleared of refraction, which gives 51d. gm. 321. the 


true diſtance of the ſtar from the moon's centre, cleared | 


both of refraction and parallax. 
G2 N. B. 
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44 To clear apparent Diftance of the Effect of Parallax. 


N. B. If the altitudes of the moon and ſtar are both more 
than 10d. they may be uſed in theſe computations of re- 
fraction and parallax, as taken from the quadrant, only al- 
lowing the error of the adjuſtment, if any, and the dip, and 
the moon's ſemidiameter, to reduce the altitude of the limb 
to that of the centre; and arc the ſecond may be uſed for arc 
the ſecond correct, without any ſenſible error, which will 
ſave ſome trouble in calculation. Four places of figures be- 
fides the index, will be ſufficient in theſe computations. 


CHAP. 


| 1495] 
EC: HH A FF 0. 


From the true Diſtance of the Centres of the Sum 
and M oon reduced from the Obſervation, and the 
| Moon's Latitude found from the Tables, to com- 


pure the Difference of Longitude between the 


Sun and Moon, and thence to find the Moon's 


true Longitude ; or, from the true Diſtance 75 


the Star from the Moon's Centre reduced from the 
Ob/ervation, the Star's Latitude, and the Moon's 
Latitude, found from the Tables, to compute the 
Difference of Longitude between the Moon and 
Star; and thence to find the Moon's true Lon- 
gitude. 


r. From the true D Mane of the Centres of the Sun and Moon, 


reduced from the Obſervation, and the Moon's. Latitude 


found from the Tables, to compute the Difference of Longi- 
tude between the Sun and Moon, and thence to find the Moon's: 
true Longitude. 5 


O the callus of the diſtance of the centres of the 
ſun and moon reduced from the obſervation, add 10 
in the place of the index, and from the ſum ſubſtract the co- 


fine of the moon's latitude, the remainder is the coſine of 


the difference of longitude between the ſun and moon, 
which, added to the ſun's longitude found by the tables, if 


the moon is to the eaſt of the ſun, or ſubſtracted from the 
ſun's longitude, if the moon 1s to the welt of the ſun; gives 


the moon's true longitude, | 
E X 
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46 To find the Moon's true Longitude, 


P I. E. 


Let us ſuppoſe the true diſtance of the centres of the ſun 
and moon reduced from an obſervation to be 73d. 37m. 
13ſ. and the moon's latitude, found by the tables, to be 
44. 23m. 3ö6ſ. 55 


Coſine of diſtance of moon from ſun 73 37 13" 9. 4502521 

Add to index  mmm——— _ —— | 10. 5 

3 | FT 1 

Subſtract coſine of the moon's latitude 9.9987220 
= 9.451530 


Coſ. of dif. of long. of ſun and moon 730 34 1428. 139 34 14 


Suppoſe the ſun's longitude to have been computed by 
the tables 78. 15d. 22m. 46. and the moon to be to the 
welt of the ſun, the difference 28. 13d. 34m. 141. ſubſtracted 
from the ſun's longitude, 78. 15d. 22m. 46ſ. leaves 58. 1d. 
48m. 321, the moon's true longitude, | 


2. From the true Diſtance of a Star from the Moon's Centre, 
reduced from the Obſervation, the Star's Latitude, and the 
Moons Latitude, found by the Tables, to compute the Diffe- 
rence of Longitude between the Moon and Star, and thence 
o find the Moon's true Longitude. 


If the latitudes of the moon and ſtar are both of the ſame 
denomination, that is to ſay, both north or both ſouth, their 
complements to god. are their diſtances from the neareſt 
pole of the ecliptic : or if their latitudes are of different de- 
nominations, ſubſtract one from cod. it does not matter 
which, and add the other to god. which gives their diſtances 
from one of the poles of the * which 1 ſhall call their 
Fer diſtances. 


i: | Now 


To find the Moon's true Longitude. | 47 


Now take half the difference of the polar diſtances, and 
| half the diſtance of the moon and ſtar reduced from the ob- 
ſervation, Then add together theſe four logarithms, the 
ſine of the half diſtance increaſed by the ſaid half difference, 
the ſine of the half diſtance leſſened by the ſaid half diffe- 
rence, the arithmetical complement of the ſine of the polar 


diſtance of the ſtar, and the arithmetical complement of the 


ſine of the polar diſtance of the moon. Half the ſum of 
theſe four logarithms is the ſine of an arc, which doubled 
is the difference of longitude between the moon and ſtar ; 
this added to the ſtar's longitude, if the moon is eaſt of the: 
ſtar, or ſubſtracted from the ſtar's longitude, if the moon is 
weſt of the ſtar, gives the true longitude of the moon. in. the: 
ecliptic. 


” In making theſe calculations ſeren places of figures. muſt. 


be uſed, beſides the index, and proportion mall be made 
for ſeconds, except Gardiner's logarithms be uſed, out of 


which the logarithms may be taken at ſight, for the 
neareſt ten ſeconds, The ſtar's latitude and longitude mult 
be taken out of table in page 4, and the latter muſt be cor- 


rected by table in page 5, and alſo by adding SOR for every 


year after 1763. 
E TX A MFE 


Diſt. of moon from ſtar, reduced from obſervation 51 9 32 


z "” 


Latitude of the Virgin's Spike 98. 
Latitude of the moon 2 39 268. 
Polar diſtance of the Virgin's Spike — 87 57 51 
Polar diſtance of the moon — 87 20 34 
Difference of polar diſtance — 917 
Half difference O 18 38 
Half diſtance of the moon from the Virgin s Spike, | 
reduced from the obſervation - 25 34 46 
Half 
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48 To find the Moon's true Longitude. 

a 9 4 0 
Half diſt, of moon from ſtar +5 diff. 25 53 24 ſine 9. 6401282 
Half diſt. of moon from ſtar — : diff. 25 16 8 fine 9.630292 
Pol. diſt, of Virgin's Spike 87 57 51 ar. compl. fin. o. 0002739 
Pol. diſt. of the moon 87 20 34 ar. compl. fin. 0.0004672 


— — 2 


| 19.2711618 
Half ſum, ſine of 25% 36' 24 . 9. 6355809 
Doubled is 51 12 5 diff. of long. of moon and ſtar. 

N "Bo R205” „„ 
Longitude of the Virgin's Spike in table, page 4 6 20 32 1 
Add correction for May q, from table, page 5th ＋ 38 
Subſt. 30 becauſe the year precedes 1763 by 1 year — 50 
Longitude of ſtar correct 6 20 31 49 


To which add the diff. of long. of moon and ſtar | 
found above, 31 1206 (becauſe moon is eaſt of ſtar)=1 21 12 5 


True long. of moon inferred from the obſervation 8 1 1 43 54 


CHAP, 


CHAP. VII. and Laſt. 


To find the Error of the Ship's Reckoning, and 
| eee the true Longitude of the Ship. 


AKE the difference of the moon's longitude, as in- 

ferred from the obſervations by the laſt Chapter, and 
the moon's longitude computed from the tables by Chap. 
IV. and, if the moon's diſtance was obſerved from a ſtar, 
ſay, by the rule of proportion, as the hourly motion of the 
moon is to the ſaid difference, ſo is oom. to the error of 
the ſhip's account in minutes. But, if the diſtance of the 
moon was obſerved from the ſun, inſtead of the hourly 
motion of the moon, uſe the difference of the hourly mo- 
tions of the ſun'and moon. The hourly motion of the ſun 
is contained in table, page 5. Or the error of the account 
may be found more briefly thus : With the hourly motion 


of the moon, or the difference of the hourly motions of the. 


ſun and moon, according as the moon's diſtance was ob- 
ſerved from a ſtar or the ſun, take out a number, called the 
multiplier, from table, page 25,-with which multiply the 
difference of the moon's longitude inferred from obſervation, 
and that computed ; the product is the error of the ſhip's 
account of longitude. And if the longitude of the moon 
computed by the tables, is greater than that inferred from 
the obfervation, the ſhip i is to the eaſt of the longitude by 


account ; but, if leſs, the ſhip is weſt of the longitude by 


account. When the ſhip is eaſt of the longitude by account, 
the error of the account is to be added to her eaſt longitude 
by account, or ſubſtracted from her weſt longitude by ac- 
count; but when the ſhip is weſt of. the longitude by ac- 


count, the ſaid error is to be ſubſtracted from her eaſt lon- 
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50 To find the true Longitude of the Ship. 
gitude by account, and added to her weſt longitude by ac- 


count. The ſaid correction may be applied either to the 


ſhip's longitude by account, on the noon preceding the ob- 
ſervation, or to the ſame carried on to the next noon, or to 
any intermediate time, and will give the true longitude of 
the ſhip at the time propoſed ; which was the thing to be 
found from all the obſervations and calculations, 


In the example, the moon's true longitude, inferred from 
the obſervation, is 8 8. 11d. 43m. 541. and the moon's longi- 
tude, computed from the tables, from the time aſſumed at 
Greenwich, according to the ſhip's reckoning, is 88. 11d. 
43m. 251. The difference is 29ſ. and ſay, by the rule of 
proportion, as 3am. 4ſ. the hourly motion of the moon, 
found after the computation of the moon's place, is to 29ſ. 
the ſaid difference, ſo is oom. to 14m. the error of the 
ſhip's account. Or, more briefly, multiply 29ſ. by 287 
the multiplier, taken out of table, page 25, with the hourly 
motion of the moon, 32m. 41. the product, 81 5ſ. or 14m. 
nearly, 1s the error of the ſhip's reckoning ; and the moon's 


longitude computed from tables, being leſs than that inferred | 


from obſervations reduced, the ſhip is weſt of account, and 
her reckoning by account on the preceding noon having 
been 7d. 44m. weſt of Greenwich, her true longitude at that 


time was 7d. 44m.+14m.==7d. 58m. welt of Greenwich. 


Or if it be required to find the longitude of the ſhip at. 
the time of taking the diſtance of the moon from the ſtar,” 
add 14m. to the longitude by account at that time, which 
was 6d. 54m. welt ; whence the true longitude of the ſhip 
at that time was 6d, 54m. +14m.==7d. 8m. welt of Green- 
wich. Or if it be propoſed to find the longitude of the ſhip 
on the following noon, or the noon of May 10, add 14m. 

to 


To find the tru Lontitude of the Ship: 51 N 


to the longitude by account carried on to that time, which 
Is 6d, 26m. weſt; whence the true longitude, May to, at 
| Noon, was 6d. 26m. reer 40m. weſt of Greenwich. 


The reaſon why the error of the ſhip's. teckonibg 1 is fo 


ſmall in this example, is becauſe it was webe by an 


obſervation the night before. 


At ſun-riſe we ſaw the Scilly lands being N. E. b. N. by 
the compaſs, or 14d. E. of the true north, and diſtant by 
eſtimation about ſix leagues; and we had made 40 m. of 
departure id. zm. of longitude to the eaſtward ſince noon; 


therefore our longitude by account was 6d. 41m. W. But, by 


the obſervations of the moon, 14m. is to be added to correct 
the longitude by account; therefore the true longitude at 
this time is 6d. 41m. 14m. d. 56m. W. But by the 
bearing and eſtimated diſtance, the middle of the Scilly iſlands 
muſt be 7m. of longitude to the eaſt of the ſhip; and thete- 
fore their longitude, as deduced from the obſervations of the 
moon, is 6d. 55m—7m.==06d, 48m. W. 


At 9 A.M. the light-houſe on St. Agnes, one of the Scilly 


iſlands, bore N. 85d. W. by the compaſs, diſtant by eſtima- - 


tion 5 leagues; and we had made 47 miles departure =1d. 
12M. of longitude to the eaſt ſince noon. Therefore, our 
longitude by account is 6d. 32m. welt ; or, corrected by the 
obſervation of the moon, 6d. 32m. +14m. d. 46m. W. 
But, by the bearing and eſtimated diſtance, St. Agnes light- 


houſe was 12m. of longitude to the weſt of the ſhip; there- 


fore its longitude, deduced from the obſervations of the 
moon, is 6d. 46m. ＋ 12m. d. 58m. W. This longitude 
differs tom, from the longitude of the middle of the Scilly 
iſlands, according to their bearing and eſtimated diſtance at 
ſun- riſe, tho” It ſhould ſeem, that it ought to agree nearly 

FE 2 with 


ED 


” 
„ _ = wo rt Aa; Mat HE * "ap oe” — we * rf * — 5 ; F 
rr —  - = * * "oY 2 * N © - = . * * * L : 
i + 7 2 Wr ws — C 2 * 1 — 1 of - 
SES ————ů — . nn LE» r p * Nn 3 <7 — NN «ba dp, »- 
Pore oy 2 aan . 2 — a 7 21 . * 93 „ et ooo et a - 


* 
SKA ̃ SPB A — 2 8 
27 8 — = + wg - * 3 od,” es 
| I. Re . 


= Bibs - 


5 rr % $ 
. e 


bu 
1 Ro”. — . a- 


* * e 2 Ihe > 88 
2 4 tat nts * > 2 
88 2 


EC 


x 
au ain. 
: 2 — 


—— ; Es 
nee 


2 a 


52 To find the true Longitude-of the Ship. 


with it. But this ſmall difference may be eafily accounted 
for, if it be conſidered, that theſe iſlands extend near half a 
degree from eaſt to weſt, and that the ſame part may not 
appear to be the middle of them at a diſtance at ſea, as does 
in the charts ; not to mention our being in a tide's way, 
and the difficulty of eſtimating diſtances with exactneſs. 
But, which-ever of theſe determinations is taken, it will not 
differ above 18 or 20 minutes of longitude from the beſt 
charts, which make but 12 miles in this latitude. 


Having had a good obſervation, May 10, at noon, deter- 
mining the latitude of St. Agnes, I ſhall ſet it down, though 
it be a little deviation from my preſent ſubject. The lati- 
tude of the ſhip, by the ſaid obſervation, was 49d. 48m. N. 
and the light-houſe of St. Agnes at that time bore N. 38d. W. 
by the compaſs, diſtant by eſtimation five leagues ; whence 
its latitude ſhould be 49d. 56m. N. which is 10m. more 

than is given to it in Whiſton's Chart of the Channel. 


APPENDIX. 


I 


A P P E N D 13 


Containing ſome additional Rules FE” 75 ndl the Moon's ri ght 
5 an and Declination, and thence to compute her Altitude; 
as alſo to compute the Altitude of the Star, ſuppoſing they 
' were not obſerved : and alſo a particular Problem ff or finding 
the Longitude from three cotemporary Obſervations $a 


at the obſervation of the diſtance of the moon "Wh 


A S it may ſometimes happen, though very rarely, that, 
the ſtar, the altitude of the ſtar, and even that of the moon, 


cannot be taken with ſufficient certainty, I ſhall here ſub- | 


Join the method of computing them, 


In order to this it is neceſſary firſt to know their right 
aſcenſions and declinations, and alſo the right aſcenſion of 
the ſun at the time. The right aſcenſions and declinations 
of all the principal ſtars are contained in the table, page 2 
and 3 ; the right aſcenſion of the ſun is to be found from 
his longitude, by table page 27 and 28. I now proceed to 
ſhew how the right aſcenſion and declination of the moon 
may be readily found with ſufficient exactneſs. 


T he Longitude and Latitude of the Moon being given, to fond 


the Right Aſcenſion and Declination. 


This may be done very expeditiouſly from Halley's or 


Senex's map of the zodiac, or any map of the like kind, 
containing circles of latitude with their parallels, and circles 
of declinations with their parallels ; or even by a large globe, 
accurately conſtructed, But leſt the obſerver ſhould be un- 
provided with theſe helps, I offer him the two following 
eaſy 
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54 A P PE N D IX. 


eaſy rules for this purpoſe, which are ſufficiently exact to 


find the moon's right aſcenſion and declination true to 
two minutes. | 


PREPARATION. 


Take out of the tables of the declination of the degrees of 
the ecliptic, page 26, the declination anſwering to the moon's 
longitude, and note whether it be north or ſouth. Sub- 
ſtract three ſigns from the moon's longitude, and take out of 
the ſame tables the declination correſponding, and alſo note 
whether it be north or ſouth. Alſo take out of the tables of 
the right aſcenſion of the degrees of the ecliptic, page 27 
and 28, the right aſcenſion anſwering to the moon's longitude. 


r 
To find the Moon's Declination. 


To the fine of the moon's latitude add the coſine of the 
declination of. that Point of the ecliptic, whoſe longitude is 
leſs than the moon's by three ſigns; the ſum, abating 10 
from the index, is the ſine of an arc, the ſum of which, 
and the declination of the point of the ecliptic belonging to 
the moon's longitude, provided that the moon's latitude and 
the ſaid declination are of the ſame kind, that is to fay, 
both north, or both ſouth 3 or their difference, if they 
are of contrary denominations, gives the true declination of 
the moon, of the ſame kind with the greater. 


RIG L E II. 
To find the Moon's right Aſcenſion, 


To the fine of the moon's latitude add the fine of the de- 
| clination of that point of the ecliptic, whoſe longitude is 
leſs 
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leſs than the moon's by three ſigns, and from the ſum ſub- 
ſtra& the coſine of the declination of the point of the ecliptic 
anſwering to the moon's. longitude, leaves the ſine. of an 
arc, which add to the right aſcenſion of the point of the 
ecliptic belonging to the moon's longitude, if the moon's 
latitude is of the ſame kind with the declination of the point 
of the -ecliptic, whoſe longitude is leſs than the moon's by 


three ſigns ; or ſubſtract it if they are of different kinds; : 


the reſult is the true right aſcenſion of the moon. 


B * A M | 


+: 4+ +» 8+ 


I ſhall adapt the example to the time of the obſervations 
above recited, and ſhall firſt of all oompute the moon's right 
aſcenſion and declination, by which we fhall be enabled af- 
terwards to compute the altitude of the moon, ſuppoſing it 
had not been obſerved, . . i ft. 9 


PREPARATION. 


At the time of the obſervation of the diſtance of the Vir- 
gin's Spike from the moon, above recited, the moon's lon- 
gitude was computed by the tables 8 8. 11d. 43m. and la- 
titude 2d. 39m, S. leaving out the ſeconds. By, table p. 26, 
the declination anſwering to the moon's longitude, 8 S. 11d. 
43m. is 22d. 14m. 8. Subſtrat three ſigns from the 
moon's longitude, leaves 5 S. 11d. 43m. the declination an- 
ſwering to which 1s 7d. 11m. N, By table, page 27 and 28, 
the right aſcenſion anſwering to the moon's longitude, 85S. 
11d. 43m. is 250d, 11M. 


To 


2 N 7 — ed ng "th. CR! . 7 — * « 1 "IF * — 2 5 
— —, * > 7 Ft ant: 2 Y 3 
: * . 3 1 | a Ka. \ 6g "3% 40 Fr CATS — 


; I 
0 
6 
9! 


[2 a; "> qi. 8 
od 2 ww 0 
S . — _—_— < * 
2 r 3 


56 LT F/T END 1X. 


To find the Moon's Deelinati on. 


Sine of the moon's latitude 20 39 S. 8.66497 
Coſine of declination anſwering to longitude 1 43 | 3 
or moon's longitude, 8 S. 1 I 43 = S. 7 $1" N. 9.99658 


Sine of 29 38' — — 8.66155 

The ſum of this and 22d. 14m. 8. the declination Re Eo 
ing to the moon's longitude, becauſe the moon's latitude and 
the ſaid declination are of the fame kind, is the moon's de- 
clination, A 5am. S. 


To find the Moon's . ts. 


Sine of the moon's latitude 20 3 Nh 8.66497 
Sine of declination anſwering to ongitude of the moon, | 
— 3 bens, or 3 S. 119 43 +90 11 N. 9.09706 
E | 17.7620g 
Subſtract coſ. of declination anſwering to the mbon's © * 
longitude 229 14 —— —9.96645 
Sine of 09 21 7.79858 


Which ſubſtract from 2 pod. 11m. the right aſcenſion an- 
ſwering to the moon's longitude, becauſe the moon's la- 
titude, and the declination anſwering to the moon's longi- 
tude — 3 figns, are of contrary denominations, leaves the 
right aſcenſion of the moon 249d. 5om. 


R UU 
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| .” = 6 „ III. 
7; compute the apparent Altitude of the Moon or a Star, at 


the Time of the Qofervation of 1 Diſtance of the Moone 


from the Star. 


Turn the apparent time, corrected by allowing the error 
of the watch, as found by the altitude of the ſun, into de- 
grees and minutes, by table, page 3 and 4, and add it to the 
ſun's right aſcenſion, taken out of table, page 27 and 28, 
with the ſun's longitude, computed in Chap: TY. The ſum 


is the right aſcenſion of the mid-heaven nearly. Correct 


this by the longitude made by the ſhip ſince the. taking of 
the altitude of the ſun in the afternoon, by which the watch 
was corrected, adding it, if the ſhip has gone to the eaſt, 
or ſubſtracting it, if ſhe has gone to the weſt, gives the right 
aſcenſion of the mid- heaven correct; the difference between 
which, and the right aſcenſion of the moon or ſtar, is their 
hourly angle, or diſtance from the meridian. If the moon 


or ſtar's declination is of the ſame denomination with the 


latitude of the ſkip, ſubſtract it from god. but, if it be of 
the contrary denomination, add it to god. and you have the 
diſtance from the elevated pole. To the cofine of the hour- 
ly angle add the cotangent of the latitude of the ſhip ; the 
ſum, abating 10 from the index, 1s the tangent of arc the 
firſt, the difference of which, and the diſtance of the moon 
or ſtar from the elevated pole, is arc the ſecond. To the 


coſine of arc the ſecond add the fine of the ſhip's latitude, 


and from the ſum ſubſtract the coſine of arc the firſt, give 
the fine of the true altitude of the moon or ſtar. And to 
find the apparent altitudes, add the refraction from table, 
page 1, to the true altitude of the ſtar, and ſubſtract the dif- 


ference between the refraction, from table, page 1, and the 


I moon's 
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moon's parallax in altitude, from table, page 26, from the 


moon's true altitude: gives the apparent altitudes of the 
moon and ſtar. | | | 


EXAMPLE 


Of the Computation of the apparent  Altitudes of the Moon: 
and Star. | | 


The apparent time was found 12h. zm. 3 5ſ. at the end 
of Chap. HI. which, turned into degrees and minutes by 
table, page 3 and 4, is 181d. am. And, by table, page 
27 and 28, the ſun's right aſcenſion anſwering to his longi- 
'tude, 18. 19d. 15m. computed in Chap. IV. is 46d. 47m. 
The fum is 228d. 11m. the right aſcenſion of the mid- 
heaven nearly; to Which add 15m. of longitude, which the 
'ſhip has made to the eaſt, ſince the altitude of the ſun in 
the afternoon, by which the watch was corrected, gives 

228d. 28m. the right aſcenſion of the mid- heaven correct. 


To find the apparent Altitude of the Virgin's. Spike, 


The declination. of the Virgin's Spike, by table, page 2, is 
od. 55m. 8. whence the latitude of the ſhip being north, 
the diſtance of the ſtar from the elevated pole is 99d. 55m. 
The right aſcenſion of the Virgin's Spike, by table, page 2, 
is 198d. tom. the difference of which, and 228d. 28m. the 
right aſcenſion of the mid- heaven, is the hourly angle of. 
the Virgin's Spike, 30d. 18m. | 


Coſine of hourly angle of Virgin's Spike 30 18 9.93 621 
Cotan. of latitude of ſhip 49 23. &92 9.93329 


Tan. of arc the firſt :36* 31 .9.86950 
2 TY The 


- 
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The difference between which and god. 55m, the diſtance 
of the Virgin's Spike from the. elevated pole, gives arc the 


63d. 24m. 
Coſine of arc the ſecond, 63* 24. — 951704 
Sine of latitude of ſhip, 49 23 — 9.88029 
C 3 19-53133 
Subſtract cofine of arc the firſt, 36 gr 9.90508 
Sine of true altitude of the:Virgin's Spike, 252 1! 9.2625 


Add 2m. of refraction at this altitude, by table, page x, 
* apparent altitude of the Virgin's Spike, 25d. 3m. 
t was obſerved 24d. 52m. or taking off 4m for the dip, 


To find the apparent Altitude of the Moon's Centre, 


The declination of the moon has been computed above, 
24d. 52m. S. therefore, the latitude of the ſhip being north, 
the diſtance of the moon from the elevated pole is 1 14d. 
52m. The right aſcenſion of the moon has been computed 
above, 249d. 5om. the difference of which, and 228d. 28m. 
the right aſcenſion of the mid-heaven, is 21d. 22m. the 
hourly angle of the moon. 


Coſine of hourly angle of the moon, 21* 22' | 9.96907 
Cotan. of latitude of the ſhip, 49% 23 — 9.93329 
Tangent of arc the firſt, 38* 33 — 9. 90236 


The difference between which, and 114d. 52m. the di- 
ſtance -of the moon from the elevated pole, gives arc the 
ſecond, 76d. 15m, 


I 2 | Coſine 
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Coſine of arc the ſecond, 76* 15 — R 37600 
Sine of latitude of the ſhip, 49* 23 — _- 9.88029 

: 28 „ 
Subſtract coſine of arc the firſt, 38* 37 ¼ —9.89284 
Sine of the true altitude of the moon, 13 21 9.36345 


From which ſubſtra& the difference of 4m. the refraction, 
by table, page 1, and 55m. the parallax in altitude, by ta- 
ble, page 26, gives the apparent altitude of the moon, 12d. 
zom. The altitude of the moon's lower limb was obſerved 
12d. 18m. from which ſubſtracting 4m. for the dip, and 
adding 16m. for the moon's ſemidiameter, the apparent 
altitude of her centre from the obſervation is 12d, zom. 
which happens to agree exactly with that computed. © 
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To determine the Longitude at Sea or Land from three cotem- 
forary Obſervations only, namely, the Diſtance of the Moon's 
Limb from a Star, and the apparent Altitudes of the Moon 

and Star, provided the Moon be not leſs than two Hours 
diſtant from the Meridian. 2 


TT has been ſaid in Chap. II. that four obſervations are 
generally neceſſary to be made, in order to find the lon- 
gitude, according to the method deſcribed in the following 
chapters ; namely, an altitude of the ſun, or a bright ſtar, 
in order to regulate a watch, by the time of which all the 
obſervations are noted down ; the diſtance of the moon's 
limb from the ſun, or a proper ſtar, and the apparent alti- 
tudes of the ſame ſtar, and of the moon's upper or lower 
limb. It has, however, been remarked in the fame place, 
that the neceſſary obſervations are reduced to three, when 
the diſtance of the moon from the ſun is obſerved ; the al- 
titude of the ſun, taken at the ſame inſtant, being ſufficient 
to determine the time, without the uſe of any other altitude 
of the ſun, or a ſtar, and even without the aid of a watch. 
For the ſame reaſon, the altitude of the ſtar, from which the 
diſtance of the moon's limb is meaſured, being taken at the 
ſame inſtant, will alſo determine the time with ſufficient = 
exactneſs, provided the horiſon be tolerably enlightened, and if? 
the ſtar be at leaſt two hours from the meridian, without 6 
requiring the altitude of the ſun, or any other ſtar, and even 4 
without the uſe of a watch. 


1 


For 
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'For the very ſame reaſon, the altitude of the moon like- 
wiſe, taken at the ſame inſtant with the obſervation of her 
diſtance from the ſtar, will ſerve; equally to determine the 
time, provided ſhe be at leaſt two hours from the meridian, 
and the horiſon be ſufficiently enlightened, fo that her alti- 
tude may be taken with ſome exactneſs. But as the moon's 
right aſcenſion and declination, which are both neceſſary to 
be known in this caſe, are continually varying, and cannot 
be aſſumed, near enough, from the eſtimated: time of the 
day, and the longitude of the - by account, as the decli- 
nation of the fun may, this caſe requires another proceſs, 
and demands a particular method of computing the longi- 
tide, diſtinct from that explained in the preceding pages, 
which hath not, that I know of, been yet thought of, or, at 
leaſt, not recommended to the public for this purpoſe. I 
have therefore propoſed it as a problem, and now proceed 
to give the ſolution. I ſhall only firſt remark, that this me- 
thod, as it requires only the three eſſential obſervations taken 
at the ſame inſtant, ſo it may often be of very great uſe, 
eſpecially where the watch, which the obſervers uſe, is ſo 
indifferent as not to be depended upon within one, or even 
two minutes, for the ſpace of ſome hours; and that, in ma- 
ny caſes, it may be full as exact as the general method, 
which I have hitherto propoſed, as the altitude of the moon, 
eſpecially if not very high, may be often taken at fea in the 
night, by the help of her own light illuminating the horiſon, 
to almoſt as great a degree of exactneſs, as the altitude of the 
ſun in the day-time; whereas the altitudes of ſtars, which 
do not lie in the ſame vertical with the moon, cannot be 
taken with the ſame certainty, the horiſon under them be- 
ing not enlightened in the ſame manner. 


The 
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The following Steps muſt be obſerved in the Solution of the 
T0 4 Problem propoſed. | | 


1. Aſſume the apparent time of the obſervation as near as 


you can, which may be done very well, within half an hour, 
either by common watches, or the glaſſes of the ſhip ; only 
take care: to allow for the. ſhip's change of longitude, at the 
rate of four minutes for every degree you have made ſince 
they were laſt corrected, adding this correction if you have 

been going eaſtward, or ſubſtracting it if you have been go- 
ing weſtward. To the time ſo aſſumed, add or ſubſtract 


your longitude from Greenwich, turned into time, by table, 


page 3 and 4, according as you are to the weſt or eaſt of 
Greenwich. To this time compute the ſun's longitude, and 
the moon's longitude, latitude, &c. as in Chap. IV. 


2. From the three given obſervations, the diſtance of the 
ſtar from the moon, and the altitudes of the moon and ſtar, 
and the moon's horiſontal parallax, find the true diſtance of 
the ſtar from the moon's centre, by CorreCting the obſerved 
diſtance of the ſtar from the moon's limb, for the moon's 


ſemidiameter, and for refraction and parallax, according to 
Chap. V. | 


3. With the true diſtance of the ſtar from the moon's 
centre: thus found, and the moon's latitude. computed, find 
the difference between the longitudes of the moon and ſtar, 
and thence the moon's true longitude, according to Chap. VI. 


4. From the moon's longitude thus found, and latitude 
computed above, find her right aſcenſion and declination, 
by the two rules after Chap. VII. with the help of the tables, 
page 26, 27, and 28 ; and from the ſun's longitude, on 
puted 
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puted above, find his right aſcenſion, by table, page 27 and 
28. From the obſerved altitude of the moon's lower limb 
ſubſtract the ſum of dip and refraction; add 16m. for the 
moon's ſemidiameter, and add the parallax in altitude, taken 
out of table, page 25, with the moon's apparent altitude and 
horiſontal parallax: or from the obſerved altitude of the 
moon's upper limb, ſubſtract the ſum of dip, refraction, and 
16m. for the moon's ſemidiameter, and add the parallax in 
altitude, and you have the true altitude of the moon's centre, 

the complement of which to god. is the zenith diſtance of 
the. moon, With this, and the moon's declination, and the 
latitude of the ſhip at the time, find the moon's diſtance 
from the meridian, according to Chap. III. which add to, 
or ſubſtract from, the moon's right aſcenſion, found above, 
according as ſhe is to the weſt or eaſt of the meridian, gives 
the right. aſcenſion of the mid- heaven, from which ſubifract 
the ſun's right aſcenſion, found above; the remainder, con- 
verted into time by table, page 3 and 4, is the apparent time 
required. In ſtrictneſs, the time thus found ſhould be cor- 
rected at the rate of 11, upon every 6m. of the difference be- 
tween the ſaid time and the time aſſumed, to be ſubſtracted 
if the firſt is greateſt, and added if the ſecond is greateſt. 

The computation is to be performed accordin g to * ue 


Take the difference between this time and the time at 
fuſt aſſumed, and, by the rule of proportion, as 60m. of 
time is to this difference, ſo is the moon's hourly. motion 

(found after computing the moon's place) to a number of 
minutes and decimals of a minute, which add to, or ſub- 
ſtract-from, the moon's longitude computed to the aſſumed 
time, reduced to Greenwich, according as the time found 
by the altitude of the moon, exceeds or falls ſhort of the 
time aſſumed, and you have the longitude of the moon 
agreeable to the tables, at the time found by th: altitude 1 
2 the 
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the 1 redutod to | eee accoding to the ſhip's 
account. | BET on 


Gii | Dig com paring 6 We i; the moon, \rofulting 
from computation; with that inferred- from the obſervation. 
find the error of the {ſhip's account, and thence the true lon- 
gitude of the ſhip, according to Chap. VIin«. 


h n e | 


of the Dawn nation of the Lotgitude from three ub 
Obhſervations of the Diſtance Nom Star from the Moon's Limb, 
and of the Altitudes of the Moon hd Auer according : 60 le 
Problem. 5 - 


I ſhall make uſe of ſome of the; 9 objermtions:s as I 
PRs in the illuſtration of the genetal method. 

May q, 00 3 zm. qa. by the ma thi 48 of the 
Virgin's Spike from the moon's. remoteſt limb was micafured 
51d. 40m. 4of. but 3m. 2of. Is to be added for the error of 


the adjuſted of the quadrant. At the fame inſtant, the 


altitude of the ſtar from the apparent horiſon of the ſea was 
taken, 24d. 52m. and the altitude of the moon's fower limb 
above the ſame, 12d. 18m, both free from any error of the 
quadrant, but including the dip and refraction. The lati- 


tude of the ſhip was 49d. 23m. and the longitude by ac- | 


count, 6d. 53m. welt of Greenwich. 


Article I. I ſhall aſſume the t time to be 11h, 40m. P. M. 
the longitude from Greenwich, at this time, by account, is 
6d. 53 m. W. ==27M, 32. of time, by table, page 3. and 43 
this, added to the time aſſumed, 11h. 40m. P. M. gives the 
aſſumed time reduced to Greenwich, 12h, 7m. 32. P. M. 

ä K Hence 
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Hence the ſun's longitude, computed by the tables, is 18. 19d. 
13m. 48ſ. The equation of time — 3m. 54ſ. the mean 
time at Greenwich, by aſſumption, 12h. 3m. 38, P. M. 
Hence the moon's longitude, computed by the tables, is 8 8. 
11d. 29m. 6f, the latitude 2d. 38m. 171. S. the moon's 
horiſontal parallax 56m. 15f. horiſontal ſemidiameter 1 5m. 
211, and hourly motion 32m. 44. I: er | 


Art. II. From the obſervations given, the true diſtance of 
the ſtar from the moon's centre is found, cleared of refrac- 


tion and parallax, 51d. gm. 32f. in Chap. V. 


Art. III. With the true diſtance of the ſtar from the 
moon's centre, 51d. gm. 321. and the moon's latitude, 2d. 
38m. 171. 8. find the difference between the longitudes of 
the moon and ſtar, and thence the moon's true longitude, 
according to Chap. VI. making the computation, the diffe- 
rence of longitude between the moon and ſtar will come out 
51d. 12m. 4ſ. differing only 1f. from what was found in 
Chap. VI. though the moon's latitude is taken above a mi- 
nute leſs in this computation than it was in that; the reaſon 
of which is, that the latitudes of the moon and ſtar are both 
of the ſame kind, and ſo nearly agree together. But even if 
the difference of their latitudes is greater, provided it does 
not exceed the limits of the table in page 4, an error of 1m. 
2m. or even 3m. in the moon's latitude, (which we may 
poſſibly be ſometimes ſubject to in this computation, whe- 
ther from the imperfection of the tables in this reſpect, or an 
error in the aſſumption of the time) can be of no prejudice 
in the reſult. | REL 


The longitude of the Virgin's Spike, by table, page 4, 
corrected by table, page 5; and alſo by ſubſtracting gol. is 
68. 20d. 31m, 491. to which add the difference of 4 

IG tween 
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between the moon and ſtar, found above, 51d. 12m. 4f. 
==1S, 21d. 12m, 4ſ. becauſe the moon was eaſt of the ſtar, 

ives the true longitude of the moon inferred from the ob- 


Art. IV. From the moon's longitude, juſt found, 88. 11d. 
44m. and latitude computed before, 2d. 38m. S. find her 
right aſcenfion and declination by the two rules after -Chap. 
VII. with the help of the tables, page 26, 27, and 28. The 
moon's declination will be found 24d. 51m. S. within a mi- 
nute, as it is in the example to the rules, and her right aſ- 
cenſion, as in the example there, 249d. 5om. With the 
ſun's longitude, 18. 19d. 14m. find his right aſcenſion, by 
table, page 27 and 28, 46d. 46m. From the obſerved alti- 
tude of the moon's lower limb, 124d. 18m. ſubſtra& the ſum 
of dip 4m. and refraction 4m. and add 16m. for the moon's 
ſemidiameter ; alſo add the parallax, 55m. anſwering to the 
altitude, 12d. 18m, taken out of table, page 26, with the 
moon's horiſontal parallax, 56m. hence the true altitude of 
the moon's centre is 13d. 21m. and her zenith diſtance, 


76d. 39m. Her declination being found, 24d. 51m. S. and 


the latitude being 49d. 23m. N. the diſtance of the moon 
from the elevated pole is god. +24d. 51m. 114d. 51m, 
and the colatitude 90d. 49d. 23m. = 40d. 37m. 


Computation of the apparent Time from the obſerved Altitude of 
the Moon. Vide Chap. III. ET. 


| | | 1 
Zenith diſtance of the moon·xkä— — 76 39 
Dift. of the moon from the elevated pole 114 51 

Colatitude — — 40 37 


Sum of zenith diſt. of moon, polar diſt, and colatitude 232 7 
Half ſum — —— 116 3 
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: es | EN | o 8 | : 
Arith. compl. of fine of colatitule 40 37 0.18642 
Arith.”compl. of fine of pol. diſt. of moon 114 51 ' 0.042 19 
Sine of half fum —colat. 116g — 40% 75 26 9. 558 1 
Sine half ſum — pol. diſt. =1 16% —114%1'=. 1 12 6.32103 


— — —ͤ—4ůj4 = 


Sum of four logarithms —2 328.3545 
Half fu, fine of 10 o-: — 9.2% 


led is diſt. of moon from meridian; | 41 21 
hich ſubſtract from the'moon's right aſcenſion, the | 


mon being eaſt of the meridian, 249 30 
Leaves right aſcenſion of mid-heav ven 228 29 
Subſtract the ſun's right aſcenſion, found above, 246 46 
Remainder — — 0 2 
| wy | 1 „ W. 
Apparent time, by table, page 3 and 4, 12. 6. gi M, 
But this exceeding 11h. 40m. P. M. the time | 
aſſumed, by 275m. which contains 6m. four 3 
times, ſubſtraat— | 4 


Apparent time correct from altitude of moon 12 6 48 P. M. 


Art. V. The difference between the apparent time thus 
found, 12h. 6m. 481. and the time aſſumed, 11h. 40m. be- 
13 hor. mot. ) 

ing 26m. 481. ſay, as 60m. : 26m. 48ſ.:: 32m. 4ſ.: 14m. 
20. Which add to 8 S. 11d. 29m. 6f. the moon's longitude, 
computed from the tables, becauſe the time computed from 
the altitude of the moon exceeds the time aſſumed, gives the 
longitude of te moon from computation correct, 8 8. 11d. 
43m, 201. . „ 


-< 


Art. 
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Art. VI. The longitude of the moon juſt found, 888. 11d. 
KP 26. is. leſs: than that inferred. from the obſervation: in 

rt. III. 88. 11d. 43m-.53{. by om. 271. which comes 
out the ſame within 2f. as in the a in Chap. VII. 
The error of the ſhip's account will therefore be found, as in 
the ſequel of that Chapter, 14m. the ſhip being ſo much to 
the welt of her account; whence her true longitude, at any 
aſſigned time between the noons of May 9 and 10, is eaſily 


found, as is exemplified in the latter part of the ſame 
Chapter, 


A conciſe 
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A conciſe Method of finding the Lint Bind 
to obſerved Altitudes of the Sun, with the In- 
 terval os Trend given by a common Watch. 


'T HE common practice of navigation, being incapable 
of giving the longitude with any certainty, requires, 
on that account, a more exact knowledge of the latitude ; 
and it is generally ſuppoſed, that this can be ſufficiently de- 
termined, at all times, from meridian obſervations of the 
ſun. It may indeed be thus inferred, to more than a ſuffi- 
cient degree of exactneſs, by the uſe of that invaluable 
inſtrument, the Hadley's quadrant, if no clouds or fogs 
intervene at the time. But what are we to do in this 
latter caſe ? The meridian obſervation being only that of a 
ſingle inſtant, or, at the moſt, of a few minutes, if a cloud 
ſhould happen to come at that time, even though it paſs off 
again preſently, it may either prevent the obſervation, or, 
at leaſt, render it very doubtful ; for, without the obſerver 
can ſee the ſun both riſe and fall, or, at leaſt, find him con- 
tinue in a manner ſtationary for ſome minutes, he cannot 
be ſure that he has obtained the meridian or greateſt 
altitude. 


To prevent theſe inconveniencies, the mathematicians 
have propoſed a problem, to find the latitude from two ob- 
ſerved altitudes of the ſun, with the interval of time mea- 
ſured by a common watch. By this method, provided the 
two altitudes can be obtained between the hours of nine in 
the morning and three in the afternoon, with a proper in- 
terval of time between them, the latitude may be deter- 
mined nearly, as exact as by the meridian obſervation ; and 

| | as 
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as in cloudy weather it affords an incomparably greater 
chance of ſucceſs, than the meridian obſervation only, it 
cannot but be of the greateſt uſe, perhaps next in value to 

the method of finding the longitude. It is therefore to be 
hoped, that every diligent mariner will practice this im- 
provement, as occaſions may require, eſpecially as it is at- 
tended with very little trouble, either on the part of the ob- 
ſervations or the computations. I need not obſerve, how 
nearly the art of practical navigation would be perfected b 
the addition of this more general method of finding the la- 
titude, to the method of finding the longitade, explained in 
the preceding treatiſe. 
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The following method of calculation is taken, for the 
moſt part, from a paper of Dr. Pemberton's in Part H. of 
the 51ſt Volume of the Philoſophical Tranſactions for 1760, 
and is more expeditious and convenient, than that by Har- 
: riſon's logarithmic ſolar tables, publiſhed in 1759, as it re- 
quires, beſides the common tables of logarithms, only a table 
of logarithmic verſe-fines, and a table of natural fines, both 
of which are to be found in Sherwin's exact tables of loga- 
rithms, which ought alſo to be uſed in the computations of 
the longitude, as being the moſt exact and compleat tables 
extant, | x | 
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I have ſubjoined ſome cautions that ought to be uſed in 
the choice of the times of the obſervations, to enſure the 
ſucceſs of the computations, 


PREPARATERM 


I both the altitudes of the ſun were taken in the morn- 
ing, or both in the afternoon, ſubſtract the time ſhewn by 
the watch at the firſt obſervation, from the time ſhewn by 

h the 
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the watch-at the ſecond obſervationi: but if one waitaken in 
the-forenoon, and the other in the afternoon, add 12 hours 
to the latter, from which ſubſtract the time of the forenoon 
obſervation ; the difference is the elapſed time. Turn the 
elapſed time into parts of a circle, at the rate of 1 fd. to 1h. 
and 1 5m. o im. of time, &cc. or more briefly, by the table, 
page 3, and to the degrees and: minutes thus found, add the 
longitude made by the ſhip in the interval between the ob- 
ſervations, if it has been e eaſterly, or ſubſtract it, if it 
bas been. ſailing weſterly; the ſum, or erer ef- ind is 
elapſed angle, — which take the half. 10 


Correct both altitudes of the ſun in che ee manner. 
From the- obſerved altitude of the ſan's lower limb, corrected 
for the error of the quadrant, if any, ſubſtract the ſum of 
the dip: of the fea and refraction, by tables, page 1, and add 
16m. for the ſun's ſemidiameter: or from the obſerved al- 
titude of the ſun's centre, corrected for error of quadrant, if 
any, ſubſtract the ſum of the dip and refraction, and you 
have the true altitude of the ſun's centre; the complement 
of which to god. 1 is the zenith. diſtance of the ſun. 253 


N. B. The a0 maden of thy fun ought aue 
be corrected in this manner for computing the latitude; and 
in very hazy weather, when the limbs of the ſun are very 
ill defined, it is more exact to obſerve the altitude of the 
centre. . 


Take the ſun's declination for the day at noon, as in com- 
puting the latitude from a meridian obſervation; by correct- 
ing, as in that caſe, the declination contained in your ephe- 
meris, or printed tables, for the difference of longitude from 
London, to which thoſe tables are adapted. Laſtly, caſting 
* your log- book, find the latitude of the ſhip by account 

at 
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at noon, which is the ſuppoſed latitude, to be made uſe of 


in the following calculations, in order to find the true 
latitude. | | 


| Now add together the fine of half the ſum of the zenith 
diſtances, the ſine of half the difference of the zenith di- 
ſtances, the arithmetical complement of the coſine of the 
ſun's declination, the arithmetical complement of the cofine 
of the ſuppoſed latitude, and the arithmetical complement 
of the ſine of the half-elapſed angle; the ſam of theſe five 
logarithms, abating ten from the index, is the fine of the 
half time from noon, or the middle time between the two 
obſervations from noon, in parts of a circle. The difference 
of this and half the elapſed angle, is the diſtance of the ob- 
ſervation of the greateſt altitude from noon, whether it be 
before or after noon, | | 


Next add together the verſed fine of the diſtance of the 
greateſt altitude from noon, the cofine of the ſun's declina- 
tion, and the coſine of the ſuppoſed latitude ; the ſum of 
theſe three logarithms, abating 23 from the index, is the 
logarithm of a number, which, added to the natural fine of 
the greateſt obſerved altitude of the ſun's centre, corrected 
as above for dip, refraction, &c. taken out of Sherwin's ta- 
bles, is the natural ſine of the ſun's meridian altitude 
whence the meridian altitude of the ſun is found by the 
ſame tables, and the latitude is thence found in the uſual 
manner, | 


N. B. If a table of natural ſines was uſed, conſiſting only 
of ſix or five places of figures, when greateſt, inſtead of ſe- 
ven, as Sherwin's, then, inſtead of abating 23 from the 


index of the ſum of the three logarithms above, 24 or 25 
muſt be abated. N | | 
| — If 
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If the diſtance of che „ of the greateſt altitude 
from noon, found by the calculation in parts of a circle, be 
turned into time, at the rate of Th. to 15d. and Im. of time 
to 15m. &c. or, more briefly, by table, page 3, and be 
compared with the time given by the watch, it will ſhew 
how much the watch is too faſt or too flow for apparent 
time. ee 
n * A MI P L. E. 

Of the ken of the Latitude from tao obſerved Alti- 


tudes of the Sun, with the intermediate Time nagar by 
a Watch. 


Jan. 22, 1761, at gh. 24m. 21f. A.M. by a watch, the 
apparent altitude of the ſun's lower limb from the horiſon 
of the ſea, was obſerved 13d. 44m. and at 10h. 56m. 38f. 
20d. 16m. There is 2m. to be ſubſtracted for the error 
of the ee. 


PREPARATION. 


Subſtract 9h. 24m. 21f. the time of the firſt oiled 
from 10h. f 12 381, the time of the ſecond obſervation, the 
difference, 1h. 32m. 17. is the elapſed time. This turned 
into parts of a circle, at the rate of 1h. to 1 5d. and 15m. 
to 1m. of time, &c. or, more briefly, by the reverſe of table, 
page 3, gives 23d. 4m. from which ſubſtract 3m. of longi- | 
tude, which the ſhip has made to the weſtward, in the in- 
terval between the obſervations, leaves 23d. 1m. the clapſed 
ed half of which! is 11d. uw; | | 

From 1 id; 24m: [ON firſt! Adtade oF the ſun obſerved: 
ſubſtract zm. for the error of the quadrant, and likewiſe 

ſubſtract 
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ſubſtract the ſum of the dip 4m. and refraction 4m. accord- 


ing to tables, page 1, and add 16m. for the ſun's ſemidia- 
meter, gives the true altitude of the ſun's centre, 13d. pom. 
the complement of which to god. or be rom. is the ze- 
2 Gftance or the ſon. ** 


'$ 


7 5 — manner, from 20d. 16m. the ſecond obſerved al- 
titude of the ſun's lower limb, ſubſtract 2m. for the error 
of the quadrant, and ſubſtra& the ſum of the dip am. and 
refraction 2m. and add 16m. for the ſemidiameter of the 
ſun, gives 20d: 24m. the true altitude of the ſun's centre, 
the complement of which to you or 69d. JO” 15 the ze- 
nith diſtance of the ſun. | 


The ſun's ledination this day at noon at London is 19d. 
34m. S. but being 6d. 40m. weſt of London, and the ſun's 
daily variation of declination decreaſing, being 14m. æm. 
ſhould be ſubſtracted on this account, which is of no 
conſequence. | | 8 


wh ſhall fuppoſe' che latitude to | be 48d. zom. N. 


Caleulati on of the Latitude from two obſerved Altitudes, 01 ith 
the intermediate Time meaſured by a Watch. 


Half ſam of the zenith diſtances #729 57 ſine 9.98032 
Half difference of zenith diſtances 3 17 ſine 8.75905 
Sun's declination, 199 34 arithmet. compl. of coſine 0.02583 
Suppoſed latitude, 48 3o' arithmet. compl. of coſine 0.17873 
Half elapſed angle, 119 3o' arithmet. compl. of ſine 0.70034 


Sine of angle of middle time from noon = 269 5 9.64317 
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The difference of this and half elapſed angle, 119 30 
is diſtance of greateſt altitude from noon; 14 35' 


verſed fine 8. 50809 
Sun's declination, 199 34 coſine — 9.97417 
Suppoſed latitude, 489 zo! coſine — 9.82126 

| 28; 30352 
Subſtract from index — 23 
Logarithm of natural number 201150 5.30352 


Natural ſine of greateſt altitude of ſun's cen- 
tre — 209 24 by Sherwin's tables — 3483720 


| | 3686870 
Sum 1s natural ſine of the ſun's meridiaan cs 
altitude — „ - 
Add ſun's declination — U „ 19 348. 
Complement of latitude — 41 12 
Latitude — — 438 48 
It was obſerved ot 4 —- 


Diſtance of greateſt altitude from noon found above, 149 35' in 
time, by table, page 3, 58m. 20ſ. whence the time is 11h. 
Im. 40ſ. A.M. But the time of the watch was 10h. 56m. 381. 
Hence the watch is zm. 21. too ſlow for apparent time. 


The following Cautions are proper to be uſed in choofmg out 
the Times of the Obſervations. 


1. The two obſervations muſt be always taken between 
9 in the morning, and 3 in the afternoon ; but the nearer 
they are to noon, the better, provided there be a ſufficient | 
interval between them. The following directions will ſhew. 
what interval is proper. 


2, If both obſervations are in the forenoon, the interval of 
time between them muſt not be-much leſs than half the di- 
{tance of the firſt obſer vation from noon. = 

| | z. 
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3. If both obſervations are in the afternoon, the interval 
between them muſt not be much leſs than the diſtance of 
the firſt obſervation from noon. 


4. If one obſervation is in the forenoon, and the other 
in the afternoon, the interval of time between them muſt 
not exceed 4+ hours, * 


5. If the ſun's meridian zenith diſtance be conſiderably 
teſs than the latitude of the place, then the obſervation muſt 
be taken proportionably nearer to noon. Thus, if the la- 
titude be double the ſun's meridian zenith diſtance, the firſt 
of two obſervations taken in the forenoon muſt not be be- 
fore 95 A.M. nor the ſecond before 104 A. M. or the firſt 
of two taken in the afternoon, muſt not be after 14 P. M. 
nor the ſecond after 22 P. M. Or if one : obſervation be 
taken in the forenoon, and the other in the afternoon, that 
in the forenoon muſt not be taken before 9x A. M. nor muſt 
the interval between that and the afternoon obſervation be 
above 3+ hours. If the latitude be three times the ſun's me- 
ridian zenith diſtance, the firſt of two obſervations taken in 
the forenoon muſt not be before 10 A. M. nor: the ſecond 
before 11 A, M. or the firſt of two taken in the afternoon 
muſt not be after 1 P. M. nor the ſecond after 2 P. M. Or, 
if one be taken in the forenoon, and the other in the after- 
noon, that in the morning muſt not be before 10 A. M. 
and the interval between them muſt not be above 3 hours. 
If the latitude be five times the ſun's meridian zenith di- 
ſtance, the firſt of two obſervations taken in the forenoon 
muſt not be before 105 A. M. nor the ſecond before 11+ 
A.M. or the firſt of two taken in the afternoon muſt not 
be after 03. P. M. nor the ſecond after 12 P. M. or, if one 
be taken in the forenoon, and the other in the afternoon, 
the morning one muſt not be before 105 A. M. nor the 

5 2 interval 
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interval between them be above 25 hours. If the latitude 
be twelve times the ſun's meridian zenith diſtance, the firſt 
of two obſervations taken in the forenoon muſt not be be- 
fore 11 A. M. nor the ſecond before 112 A. M. or the firſt 
of two taken in the afternoon - muſt not be after o P. M. 
nor the ſecond after 1 P. M. or, if one be taken in the fore- 
noon, and the other in the afternoon, the morning one muſt 
not be before 11 A. M. nor the Lucent between them be 
above 14 hours. But if the ſun's meridian zenith diſtance 
be ſtill leſs in proportion to the latitude, it will be neceſſary 
to take the obſervations ſo much nearer to the noon, 


that the advantage of the method will be very much di- 
miniſhed. 


Ik the above cautions are uſed, the latitude computed will 
be at leaſt five times nearer the truth than the latitude 
ſuppoſed; and therefore the error of the latitude computed 
will not be above th of the difference between them; from 
whence a judgment may be formed, whether it will be ne- 
ceſſary or not to repeat the calculation over again with the 
latitude found, inſtead of the latitude firſt ſuppoſed. 


Cautions the 2d, 3d, and 4th, are given to prevent the 
unavoidable errors in taking the altitudes of the ſun, or in 
the meaſure of the elapſed angle by the watch, from pro- 
ducing a greater error than themſelves in the latitude com- 
puted. They are founded upon theſe two theorems; 1. 
That the error produced in the latitude computed is to 
the error in either of the altitudes, as the ſine of the ſun's 
azimuth at the taking of the other altitude, to the fine of the 
difference, or ſum of the azimuths, according as they are of 
the ſame or different ſides of the meridian. 2. That the error 
in the latitude computed is to the error in the meaſure of the 
interval of time, turned into parts of the equator, as the 


product 
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product of the ſines of the two azimuths, and the coſine 
of the latitude, to the Wen of the ſquare of the radius, 
and the ſine pt the difference, or ſum of the azimuths. 


The error in the meaſure of the interval of time by a 
common watch, is moſt to be apprehended ; but where a 
watch is uſed, whoſe rate of going 1s very regular, ine 
the cautions 2d, 3d, and ꝗth, need not be obſerved ſo very 
ſtrictly, and a leſs interval of time may be admitted be- 
tween the obſervations, when made both in the afternoon, 
or both in the forenoon ; or a longer interval may be ad- 
mitted between .one obſervation made in the forenoon, and 
the other made in the afternoon. The time of the watch 
ſhould be eſtimated to + m. or leſs if it can be done, if it 
has no ſecond hand. 


Caution 5th, is neceſſary to be obſerved, in order that 
the error in the ſuppoſed latitude may be diminiſhed five 
times in the latitude computed, and is taken from the eſti- 
mation of the error of the calculation, made in the above 
mentioned paper in the In Tranſactions, 


I have only one remark more to add, that the latitude 
thus found is that at noon, provided the change of the 
ſhip's latitude between the obſervations and noon be tole- 
rably uniform, and the meridian ſun be not very near the 
zenith; the error ariſing in the calculations from the neg- 
lect of the ſhip's change of latitude, in this caſe, very nearly 
compenſating itſelf, and carrying on the latitude to the time 
of noon, as will be found upon trial. Therefore it is only 
neceſlary to allow for the ſhip's change of longitude between 
the obſervations, as is done in the precepts above. 


Some 
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Some Remarks on the proper Length of the 


Log-Line. 


| S the deſire of imparting my beſt aſſiſtance” to the 
diligent mariner was my motive to undertake the 
foregoing work, ſo the ſame reaſon induces me to recom- 
mend to his ſerious notice the great importance of the ad- 
juſtment of the log-line to its true length. Until this be 
done generally, not only will our ſhips be incapable of 
making the beſt dead reckonings poſſible in the common 
method, which will, for many reaſons, be always proper, 
notwithſtanding the introduction of the method of finding 
the longitude, but alſo it will be impoſſible to make the 
reckonings of any two ſhips, even when ſailing the ſame 
voyage, and in company with each other, to agree tolerably 
together; for while one ſhip has a line of 42 feet between 
knot and knot to a glaſs of 28 ſeconds ; another, one of 
42 feet to a half-minute glaſs ; and another one of 48 feet 
to a glaſs of 28 ſeconds ; all which proportions are very com- 
monly uſed, their accounts muſt differ as much from one 
another, as moſt of them do from the truth ; for, as only 
one can be right, all the reſt muſt conſequently be wrong. 


It is not difficult to ſee that the want of a fixed ſtandard 
in this particular carries a very evil influence along with it 
upon the practice of navigation, ſince a ſhip making any 
particular voyage hereby loſes the greateſt part of the ad- 
vantage which it might otherwiſe receive from the jour- 
nals of ſhips who have gone the ſame tract before. For, 
of what great uſe can it be to me, to be informed, that a 
ſhip has made a certain number of degrees between any two 
ports, as long as I am uncertain whether its * oy 
ivide 
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divided at the rate of 42 or of 50 feet to a half- minute glaſs? 
I am here left in an uncertainty to the amount of 5 or 5 of 
the length of my whole voyage; for I am uncertain, whe- 
ther I ought to make the ſame. nn 0 mann as that | 
= did, or + or more or leſs. 0 


It may prag 5 1 that 4 difference of longitude 
between any two places may be taken from books of na- 
vigation and correct charts, without recurring to thip's jour- 
nals at all. To this I anſwer, that though the longitudes 
of all places could be found in theſe books or charts to a 
ſufficient exactneſs, yet, unleſs my own log-line be properly 
divided, I cannot expect to make a true and correct reckon- 
ing. But I muſt alſo obſerve, that the longitudes of places 
are far from being laid down generally in books and charts, 
with that degree of exactneſs that it was to be wiſhed they 
were, for the benefit of navigation. Thoſe longitudes only, 
of places which have been found from aſtronomical obſer- 
vations, or which have been referred to other places, ſo 
| fettled, by accurate trigonometrical ſurveys, are to be looked 
upon as certain. The longitudes of all other. places, not ſo 
ſettled, muſt depend either on the uncertain maps of coun- 
tries not at all, or, at leaſt, not well ſurveyed ; or on the 
Journals of ſhips, the uncertainty of both which, eſpecially 
in conſiderable diſtances, is too apparent to need any. point- 
ing out. As therefore the difficulty. of procuring: aſtrono- 
mical obſervations to be made in all parts of the globe will 
always oblige us to depend upon the runs of ſhips, or maps 
of countries, for the longitudes of many places, it is plain, 
that the preſent uncertain manner of dividing the log-line as 
well prevents us from knowing, with that certainty we 
otherwiſe might, the longitudes of thoſe places, which can 
be known only from ſhips runs, as alſo from keeping a- 
correct reckoning, eren when we know with certainty the 
| M longitudes 
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longitudes both of the port we depart from, and that we 
are bound to. | i 


There is another argument, 75 adde much ſtrengtn 
to the foregoing ones, and greatly enforces the neceſſity of 
a uniform and correct length of the log- line on board of 
all ſhips; that in many parts of the ocean, eſpecially be- 
tween the tropics and near moſt headlands, there are con- 
ſiderable currents, which muſt conſequently introduce a 
freſh error into the reckoning;; and if this error ſhould hap- 
pen to combine with that already produced by a wrong 
length of the log- line, as it* may, as well as not, it is not 
eaſy to ſay how far the total error of the reckoning might 
go, or to what inconveniencies or dangers the ſhip might 
be expoſed on that account. But if the juſt and proper 
length of the log - line was uſed on board of all ſhips, they 
would be then liable only to the errors of the currents 
themſelves; and even theſe, as far as they are conſtant and 
regular, might be found out and aſcertained from the jour- 
nals of ſeveral ſhips, which _— then agree much nearer 
with one. another. 121 | 


After inſiſting ſo 4 on nth neceſſity of adjuſting the 
knots of the log-line to a proper length, it is time that I 
ſhould mention what that length is. This, by the teſtimo- 
ny of all mathematicians, is 50 or 51 feet to a glaſs which 
runs out in 30 ſeconds, or half a minvte. But if the glaſs 
take a longer or ſhorter time to run out, the diſtance of the 
knots ſhould be made longer or ſhorter in the fame pow 
tion, ane to the following Table. 5 
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Log- line for 


T . true a e 1 of the i "Fa deli 
vered, was firſt laid down by our countryman, Mr. Richard 
in his Seaman's Practice, in the year 1646, For 
having carefully meaſured the diſtance from London to 
Vork, and 3 it to the arch of the meridian, and 
having alſo found the difference of latitude of thoſe two ci- 
ties by aſtronomical obſervations, he thence inferred a de- 


gree of a great circle of the earth to contain 367200 Engliſh 


feet, or about 69 —_— ſtatute miles, — of 60, which 


M 2 


Was 
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was the common eſtimation before his time. Hence he 
concludes a geographical! mile, or minute of a great circle 
of the earth, which is { of a degree, to contain 61 20 feet, 
and therefore, that the length of the knots of a log-line for 
a halt-minute gla6 ſhould be 51 feet, which is the ſame 
part of a geographical mile, or 6120 feet, as half a minute 
is of an hour, namely, +;s th. But he adds, becauſe it is 
lafer to have the reckoning rather before the ſhip, than af- 
ter it; therefore 50 feet may be taken as the proper length 
of each knot, which 1 have here accordingly followed. 


Before Mr. Richard Norbood' 8 40curdte menſuration, the 
length of the knots of the log-line was made 42 feet for a 
half- minute glaſs; and, notwithſtanding the meaſures of the 
degrees of the earth, as well as daily experience ſhew it to 
be too ſhort, yet 0 is uſed 5) many to this day. This di- 
viſion of the log-lige was fohnded on a ſuppoſition, that a 
degree of a great circle of the earth conſiſts of 60 miles, 
each containing 5000 Englith feet ; whence a minute of a 
great circle, or a zraphical mile, ſhould contain 5000 

feet; and the 120jh part of 5oqo feet, r 413, or, in round 
number, 42 feet, ſhould 22 be the length of each 
knot. But as a degree of a great eirele of the earth is found 
to contain 69x Engliſh miles, the length of the knots of 
the Jog-line ought. to be increaſed tal gh: or! SE feet. 511 T 

basdolfl NM it 02 10 d aowoi bi ev 

1 ſhall only addy! thad thiowph many | through dee 
Gill, ' retain the erroneous divifion of 42 feet, yet I could ne- 
ver hear one tolerable argument brought in defence of it. 
For my own part, I can affirm, that J found the true di- 
viſion of 50 feet here propoſed, to anſwer very nearly to the 
obſervations: of the ſhip's- latitude, | both in my voyage to 
t. klelena, and in my 9 on my return, when * | 

| 1C 
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the tropics; for within the tropics, and in the courſe of the 
trade winds, there are conſtant and conſiderable currents, 
which ſeem to tend in the ſame direction with thoſe winds, 
and moſt probably derive their origin from them. On the 
other hand, what journals of ſhips I have had an opportu- 
nity to inſpect, which have made long runs to the eaſtward, 
and have uſed too ſhort a diviſion of the log-line, I have 
found to reckon the longitude 10 or 12 degrees too far to 
the eaſtward upon the making of land, as one might natu- 
rally expect from the cauſe of error here pointed out. 


Direction, 
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Direftions for ebferving the Beginning hid: Ending 
of an Eclipſe of the Moon, and an Immerſion or 


— of the Satellites of Jupiter. 


; HO UGH the het of finding the longitude by 
- | -diftances of the moon from the ſun and fixed ſtars 
is both ſufficiently exact for general uſe, and may be equally 
uſed at ſea and land, yet it cannot but be an advantage to 
have it in our power to practiſe every method of finding the 
longitude, whether of a ſhip at ſea, or of any port at land. 


The beginning and ending of an eclipſe of the moon is 
very eaſily obſerved ; and being compared with the times 
calculated, taken from an exact ephemeris, will determine 
the longitude of a ſhip at ſea, where the obſervation is made 
within a degree ; the difference between the apparent times 
of the obſervations at the ſhip, and thoſe calculated in the 
ephemeris, ſhewing the longitude of the ſhip in time, 
reckoned from the meridian to which the computations ot 
the ephemeris are adapted, 


The obſervations muſt be made by the help of a watch, 
corrected from an altitude of the ſun or a ſtar, according 
to the rules given in the preceding treatiſe. But if an 

eclipſe of the moon ſhould be obſerved at any place at land, 
whoſe longitude we deſire to know, this may be found 
more exactly by comparing the obſervation with a correſ- 

one, made at ſome other place at land, whoſe 
longitude i is known. 


The 
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The beginning and ending of an eclipſe of the moon may 
be obſerved very well with the naked eye; but if any te- 


leſcope is uſed, it muſt be one that has a great deal of light, 


and does not magnify much. Thoſe called night glaſſes 
may be very conveniently uſed for this purpoſe, in which 
caſe I ſhould adviſe placing a circular aperture at the object 
end, about half or 4 of the ſize of the common aperture. 


The ſhadow begins to come upon the moon on the 
eaſt ſide, and goes off on the weſt fide. The firſt ob- 
ſcuration that comes upon the moon, called the penum- 


bra, is not perfectly dark; but after a few minutes, 
the true and darker ſhadow will begin to make its ap- 


pearance upon the moon's limb, in the place which lies 
immediately behind the penumbra, At the ending of the 
eclipſe the true ſhadow goes off firſt, and the penumbra 
follows it. If the obſerver notes the time of the appearance 
and diſappearance of the penumbra, or falſe ſhadow, as 
well as of the darker and true ſhadow, it will appear that 
he has not miſtaken the former for the latter, as they are 
apt to do, who are not uſed to the obſervation. 


If the eclipſe be total, the immerſion into, and emerſion 


out of, total darkneſs, are two other obſervations to be 
made, and will equally ſerve to determine the longitude. 


The immerſions and emerſions of Jupiter's ſatellites af- 
ford the beſt general method known for determining the 
longitudes of places at land, and could they be likewiſe ob- 
ſerved at ſea, as there is room to hope they may, by the 
help of the marine chair, the longitude might thence be 
determined, as often as ſuch obſervations were obtained. 
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A reftacting teleſcope of ten feet, or a reflecting teleſcope 
of one foot at leaſt, will be neceſſary for obſerving theſe 
eclipſes, though a refractor of 15 feet, and a nnn of 18 
inches, or two feet, would anſwer Rill better. 501 

In. b the immerſions only are viſible, before the 
| er en of Jupiter to the ſun; and, after the oppoſition, 
the emerſions only, the body of Jupiter hiding the other 
phænomenon. This is always the caſe with relpect to the 
firſt ſatellite; but ſometimes the immerſions and emerſions 
of the other latellites, eſpecially the remoter ones, are both 
viſible, The immerſions and emerſions before the oppoſi- 
tion happen on the weſt ſide of Jupiter, as after the oppoſi- 
tion they happen on the eaſt ſide: only if an aſtronomical 
refracting teleſcope be uſed, conſiſting of two convex glaſſes, 
the appearances will be inverted, and the eclipſes will ſeem 


to happen on the eaſt fide before the * and on the 
weſt ſide after the oppoſition. 


At the immerſions and emerſions, which happen within a 
e days of Jupiter's oppoſition to the ſun, the ſatellites 
ſeem to touch his body; but at all other times they fall into, 
or come out of the ſhadow at ſome diſtance from his limb, 
which is greater, the further he is from the oppoſition, and 
the nearer to the quadrature with the ſun. Thus the 
greateſt diſtance of the 1ſt ſatellite from Jupiter's limb, at 
the eclipſes, in the quadratures, is a little more than a ſe- 
midiameter of Jupiter; of the 2d, not quite two ſemidia- 
meters; of the zd, near three ſemidiameters ; and of the 
4th, five ſemidiameters. But as it 1s uſeful for diſtinguiſhing 
the ſatellite which is to immerge into the ſhadow from the 
reſt, or as a direction whereabouts to look for the ſatellite 
which is to emerge out of the ſhadow, to know nearly the 


diſtance 
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diſtance it ſhould be at from Jupiter's limb, I have added 
the following Table for this purpoſe, which may always be 
_ depended upon within a tenth part of the whole, the gene- 
ral form of it not admitting of a greater degree of preciſion, 
on account of the excentricity of the orbits of Jupiter and 
the earth. 

It ſhould be carefully noted, that the apparent diſtances 
in this table are thoſe at the regular eclipſes, namely, at the 
immerſions before the oppoſition, and the emerſions after 
the oppoſition ; but at the emerſions which are viſible be- 
fore the oppoſition, and at the immerſions which are viſible 
after the oppoſition, the diſtances of the ſatellites from Ju- 
piter's limb will be lefs than is ſet down in the table, by a 
quantity which bears the ſame proportion to Jupiter's dia- 
meter, as the duration of the eclipſe does to the longeſt du- 
rations of the eclipſes when the ſatellites are in the nodes. 
The greateſt durations of the eclipſes of the firſt, ſecond, 
third and fourth ſatellites are 2h. 16m. 2h. 54m. zh. 34m. 
and 4h. 48m. reſpectively, 


A Table of the apparent Diſtance of the Satellites of Jupiter 
from his Limb at the time of the Eelipſes, for every tenth 
Day of Jupiter's Diſtance from the Oppoſition or Conjunction. 


| Tori 5 Diſt. of the ſatellites from ; Tas Diſt. of the ſatellites from 
| P Jupiter's limb at the eclip- P Jupiter's limb at the eclip- 
from op- : 90 from con- 1 2 

oſition ſes- in ſemidiameters of Ju- junction |ſes, in ſemidiameters of Ju- 

| 4 f ©. "om and decimal parts. 2 1 ith &, piter and decimal parts. 
Naps. ſiſt ſat. 2d ſat. 3d ſat. ſath ſat. Days. Iſt ſat. ad lat. (zu fat, 4th ſat. 
I0q, 2010, 33 0, 500, 85 10 ©, 15, 2 50, 35, 55 
2c, 400, 66 f, 0501, 66 200, 300, 4.510, 7001, 25 
5 300, 6010, 95/1, 50,2, 65 2300, 400, 0711,051r, 70 
40/0, 7e 5 1 35 || 40.0, 5500, 90/1, 4002, 59 
500, 90/1, 402, 253, 95 50, 70%, or, 803, 20 
00/1, 00[1, 602, 50 4, 40 00 0, SO[I, 25|2, 00]3, 30 
| 791» 05%, 70/2, 664, 70 79,0, 90, 40/2, 2513, 95 
PD 80 1, 10, 75/2, 75 4, 85 |; 80 1, 00, 5512, 454, 33 
| 90 I, 1001, 7512, 75 4, 85 90,1, 05 I, 66.2, 6olq, 60 
100 1, 10/1, 20, 20 4, 80\| 100 1, 101,2, 2044, 80 
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The diſtance of the ſatellites from Jupiter's limb in the 
foregoing table, are to be meaſured either in a line with Ju- 
piter's equator, or longer axis, or in a line parallel thereto ; 
or, which is the ſame thing, to his belts ; for the ſatellites 
generally appear a little to the north or ſouth of this line. 


During the ſpace of ſix years, while Jupiter is paſſing 
from the aſcending to the deſcending nodes of the ſatellites, 
as from the beginning of 1760 to the beginning of 1766, 
the ſatellites are eclipſed to the north of the equator, de- 
parting to the greateſt diſtance from thence at the middle of 
this period. Thus, at this preſent time, or the beginning 
of 1763, the 1ſt ſatellite is eclipſed ath of Jupiter's ſemidi- 
ameter, and the 2d about half his ſemidiameter to the north 
of his equator, and the 3d almoſt in a line with his north 
pole ; the 4th goes north of his pole, and therefore at pre- 
ſent is not eclipſed at all, nor will be all this year. 


For the like ſpace of ſix years more, while Jupiter is 
paſſing from the deſcending to the aſcending nodes of the 
ſatellites, as from the beginning of 1766 to the beginning of 
1772, the ſatellites will be eclipſed to the ſouth of Jupiter's 
equator, departing to the greateſt diſtance from thence at 
the middle of this period, as in 1769. And thus every fix 
years the eclipſes happen alternately to the north and ſouth 
of Jupiter's equator, 


The firſt and ſecond ſatellites are moſt uſeful for finding 
the longitudes of places, the tables of the firſt never erring 
more than 1m. of time, and thoſe of the 2d not more than 4m. 
Therefore, if the time of the total immerſion or firſt emer- 
ſion of either of theſe ſatellites, corrected from an alti- 


tude of the ſun or a ſtar, according to the rules in Chap. 
III, 
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III. of the preceding treatiſe, be compared with the 3 5 


ſet down in an exact ephemeris, the difference will ſhew 
the difference of longitude in time from the meridian of the 


ephemeris, which is turned into degrees and minutes, at the 


rate of 15d, to th. and 15m. to 1m. of time, &c. But if 
a correſponding obſervation can be obtained, made in an 
place whoſe longitude is known, the longitude will be found 
independently of any error of the tables. 


Il ſhall conclude this ſubject with pointing out a method 
of taking altitudes at land with Hadley's quadrant, whence 
the latitude may be found, and the time of the day com- 
puted, as from obſervations made at ſea. 


Prepare ſome ſhallow veſſel, and pour water, quickſilver, 


or, which would be ſtill better, ſome thick oil or treacle 


into it, and place it near ſome window within a room, 
ſheltered as much as poſſible from the wind, and move the 
index of the quadrant till the ſun or ſtar in the heavens is 
brought down by reflection to appear conjoined to the re- 
flected image of the ſun or ſtar in the veſſel, holding a dark 
glaſs cloſe before the eye, in order to darken both images 


of the ſun. Then half the angle that the index points at, 


if the quadrant is rightly adjuſted ; or the half of the num- 
bers on the quadrant, firſt corrected for the error of the ad- 


juſtment, if any, is the apparent altitude of the ſun or ſtar, 


From which ſubſtract the refraction, according to table, 
page 1, and you have the true altitude, the complement of 
which to god. is the zenith diſtance, with which compute 
the latitude or time in the common manner. The quadrant 
may be adjuſted, or the error of the adjuſtment found by 
any ſtreight object, which is not leſs than a quarter of a 
mile off, If the altitude of the fun or ſtar be above 45d. 


they muſt be taken by the back obſervation, 
. To 
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To find the Latitude from the apparent Meridian 
Altitude of a Star obſerved at Sea, 


I ROM the apparent altitude of the ſtar obſerved 
above the horiſon of the ſea, ſubſtract the ſum of the 
dip and refraction, according to the tables in page 1, and 


you have the true altitude of the ſtar, the complement of 


which to god. is the zenith diſtance ; with which, and the 
ſtar's declination, taken out of table page 2 and 3, find the 
latitude in the very fame manner as you would do from 


the ſun. 


rr L E. 


May 9, 1762, at night, I obſerved the meridian altitude 
of the Virgin's Spike 3od. 48:m. I ſubſtrat the ſum of 
the dip 4m. and refraction 2m. which leaves the true alti- 
tude of the Virgin's Spike 3od. 48am. and therefore the 
zenith diſtance is 59d. 17:m. The declination of the Vir- 
* Spike, by table, page 2, is 9d. 54m. S. which, ſub- 

racted from the zenith diſtance, 59d. 17 zm. leaves the 
latitude 49d. 232m. N. Near an hour afterwards, by the 
meridian altitude of Arcturus, 61d. 6m. I found the latitude 
only 1m. greater. The ſhip had not made any northing or 


ſouthing between the obſervations, and the latitude by ac- 


count carried on from the noon but one before, for the noon 


before it was cloudy, was 49d. 17m, 


The example here given ſhews the great uſe that may 
often be made of this method of finding the latitude; for we 
had no obſervation of the ſun for the latitude on the noon 
before, whence our latitude by account muſt be very uncer- 

tain ; 
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tain; and at day-break, a few hours after finding the lati- 


tude from the altitudes of theſe two ſtars, we diſcovered we 
Scilly Iſles. 


To Jing the Latitude from the apparent Meridian Altitude of 


the Moon obſerved at Sea. 


From the obſerved meridian altitude of the moon's lower 
limb, ſubſtract the ſum of the dip and refraction, by tables, 
age I, and add 16m. for the moon's ſemidiameter ; of; 
from the obſerved altitude of the moon's upper limb ſub- 
ſtrat the ſum of the dip, refraction, and 16m. for the 
moon's ſemidiameter ; or, from the. obſerved altitude of the 
moon's centre ſubſtract the ſum of the dip and refraction 
only; gives the altitude of the moon's centre correct, to 
which add the parallax of altitude, taken out of table, page: 
26, gives the true altitude of the moon's centre, the com- 
plement of which to god. is the moon's zenith diſtance. 
The preſent horiſontal parallax of the moon, with which 
the table is to be entered, may be taken out of an ephemeris; 
or, if one containing it be not at hand, the mean horiſontal 
parallax, 57m. may "be uſed, as the error ariſing from hence 
will never exceed 4m. 


Next, the moon's preſent declination muſt be found, 
For this purpoſe, firſt take the time of the moon's paſſing 
the meridian out of an ephemeris, and the daily difference 
of the ſame ; and ſay, as 24h. more the ſaid difference, is to 
the longitude of the ſhip, reckoned from the meridian of the 
ephemeris, turned into time by table, page 3 and 4, ſo is 
the ſame daily variation to a number of minutes, which add 
to the time of the moon's paſling the meridian in the ephe- 
meris, if you are to the weſt of that meridian, or ſubſtract 


if you are to the eaſt of it, and you haye the correct time 
| of 
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of the moon's paſſing the meridian of the ſhip. To this 
add or ſubſtract your longitude from the meridian of the 
ephemeris, turned into time, according as you are to the 
welt or eaſt of that meridian, and you have the time of the 
moon's paſſing the meridian of the. ſhip, reduced to the 
time of the meridian of the ephemeris. Then ſay, as 24 
hours is to the time juſt found, ſo is the moon's daily varia- 
tion of declination, taken out of the ephemeris, to the varia- 
tion of declination from the noon of the ephemeris to the 
preſent time nearly ; which add to the moon's declination 
in the ephemeris for the noon before, if the declination is 
increaſing, or ſubſtract if it is decreaſing, and you have the 
moon's preſent declination very nearly. This may be fur- 
ther corrected in the following manner. Take out of the 
ephemeris the moon's declination for the noon but one be- 
fore, the noon before, the noon after, and the noon but one 
after; take the ſum of the firſt and laſt declinations, and 
alſo the ſum of the two middle declinations; and take the 
difference of theſe two ſums, and {th of the difference, and 
ſay, as 24 hours is to the correct time of the moon's paſſing 
the meridian, reduced to the meridian of the ephemeris 
found above; ſo is 5th of the difference of the two ſums 
to a firſt number. Say again, as 24h. is to the correct 
time of the moon's paſſing the meridian, reduced to the 
meridian of the ephemeris, ſo is the firſt number, juſt found, 
to a ſecond number : take the difference of the firſt and ſe- 
cond numbers, and add it to the moon's declination found 
nearly above, if the ſum of the two middle declinations, 
found above, is greater than the ſum of the two extreme 
declinations ; elſe ſubſtract it, and you have the moon's true 
declination ; with which and the moon's zenith diſtance, 
found above from obſervation, find the latitude as from the 
kun by the common rules. 


The 
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The correction of the moon's declination here exhibited 
may ſometimes amount to iom. when the declination is 
great, which may ſeem too much to be neglected ; but if 
the declination is under 1od, the correction will be incon- 


ſiderable, and need not be applied at all. 


It will be proper to compute the apparent time of the 
moon's paſſing the meridian of the ſhip before-hand, in or- 
der to be prepared for the obſervation of the meridian alti- 
tude, the rule for which is given in the directions above. 
For the ſame reaſon it would be neceſſary [to compute the 
apparent time of a ſtar's paſſing the meridian before-hand, 
when it is propoſed to obſerve its meridian altitude for find- 
ing the latitude. This is done by ſubſtrafting the preſent 
right aſcenſion of the ſun from the right aſcenſion of the 
ſtar ; the remainder, turned into time by table, page 3 and 
4, is the apparent time of the ſtar's paſſing the meridian. 


E N A M 


Of the Calculation of the Latitude from the meridian Altitud: 
of the Moon's Centre obſerved at Sea, March 5, 1762, at 
Night, 61d. 05m, 


I ſubſtract the ſum of the dip 4m. and refraction zm. 
there remains 60d, 56m. the altitude of the moon's centre 
Corrected ; to which I add 29m. the moon's parallax in al- 
titude, the horiſontal parallax of the moon being at this 
time 6om, and I have the true altitude of the moon's centre 
61d. 25m. whence the zenith diſtance is 28d. 3 5m. 


By the Abbe de la Caille's ephemeris for ten years, the 
moon paſles the meridian at Paris, March 5, at 7h. 53m. 
| a P. M. 


3 
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P. M. and March 6, at 8h. 58m. P. M. whence the daily 
difference is com, The longitude of the ſhip was 17d. Im. 
weſt of Greenwich, or 19d. 2Im. weſt of Paris, which, 
turned into time, is 1h. 17m. Therefore ſay, as 24h. om. 
or 2 Fh. is to 1h. 17m, :: ſo is bom : to 3m. nearly, which 
added to 7h. 58m. the time of the moon's paſſing the me- 
ridian at Paris, becauſe the ſhip is in longitude weſt from 
Paris, gives 8h. Im. P. M. the time of the moon's paſſing 
the meridian of the ſhip. To this add 1h. 17m, the longi- 
tude reckoned from Paris in time, the ſum is gh. 18m, the 
time of the moon's paſling the meridian of the ſhip, reduced 
to the time of the meridian of Paris. Then ſay, as 24h. is 
to gh. 18m. ſo is 73m. the moon's daily variation of decli- 
nation, from March 5 to March 6, by the ephemeris, to 
28m. which ſubſtract from 27d. 20m. the moon's declina- 
tion March 5 at noon, by the ephemeris, becauſe the decli- 
nation is decreaſing, leaves 26d. 52m, the moon's declina- 
tion nearly. TL 


To correct it, take out of the ephemeris the moon's de- 
clination on the preceding noon, 27d. 20m. N. the follow- 
ing noon, 26d. 7m. N. the noon but one before, 26d. 47m. 
and the noon but one after, 23d. 4m. the ſum of the two 
middle declinations is 53d. 27m. and of the two extreme 

declinations, 49d. 5im. The difference is 3d. 36m. 5th 
of which is 54m. Then ſay, as 24h. ; is to gh. 18m. the 
time of the moon's pafling the meridian of the ſhip, re- 
duced to Paris time :: ſo is 54m. : to a firſt number 21m. 
Again, as 24h. : is to gh. 18m. : ſo is the firſt number 
21m. : to a ſecond number 8m. The difference of the 
firſt number 21m. and the ſecond number 8m. is 13m. 
which add to 26d. 52m. the moon's declination found nearly 
above, becauſe the ſum of the two middle declinations is 
greater than the ſum of the two extreme declinations, and 

you 


1 
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you, have the mopn's truer: declination, 25d. Im. N. Chis 
ſubtracted from 28d. 3 5m. the moon's. zenith diſtance, 
inferred above from the oſcrvation, leaves the latitude of 
the ſhip 1d. 3om. S. which is only zm. lefs than the lati- 
tute by account, carried on from the meridian Antader of 
the ſun at noon. | F RO 
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of a  Caleulati on of the Longitude from: Obſervation. of the 
 Dijflance of the Moon from Antares, taken at Sea, May 13, 
1 1762 2, i the Morning, © in Sight Yf the Lizard esl, . 


OBSERVATIQNS.. 


May 13, 1962, at rh. 105 af. per wich Fa 
apparent altitude of the b Acht he lle be de Harp f rom the 


horiſon of the ſea was 9 75d. 12m. The die of the ſea 
is 51. and the error of the quadrant is 2m. to be added to 
the obſervation. At this time che Lizard lights bore N. 
63d. W. diſtant by eſtimation 1 N35 miles. But the latitude of 
the Lizard being 49d. 57m. N. and its longitude | 5d, 43m. 
weſt of the Royal Obſervatory at Gee l the latitude of 
the ſhip is 49d. Sim. N. and its longitude Lb 2 Im. weſt 
of Greenwich. 


„ers follow five obſervations of he age of Antares 


oo —_—_ 


— to be added to the diſtances of Antares from the 


moon's limb, for the error of the adjuſtment of the qua- 
LO, | drant. 
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drant. But the altitudes of the moon and ſtar are only to 
be corrected by rom pra; __ en account ** * op of 
the horiſon, © a3 ID den B 
LF ©: 48% 10 £1 $31! 35 Qi Ct at 
Aly i Wi it Ob ald. of Antares Ob alt; of. * Obf, alt. of 
time per watch. fr. 's remoteſt limb. lower limb. TIRE Antares. 17 
H. M. 8. DJ MM. 8. *Þ. MM. K-10 
C 1 3 4d 22; 58 
1 43 46 35 9 9 11 45 
2 5. 185 43 48 wn J «<q 6 nr 18. 
2 IK . 44 52 9 2 11 „ 
2 15 #3153 8. „ 10 4 10 44 
Mean of times. Mean diſt. N LEED : New ale 


2 5 531-4 548 go' 95 27 11 21 


Coppin of. the Time by the' Altitude of the bright Star [4 
9951 TN bh ©. Harp. , See 12 721 9 


lis right e at this ume, by table, page 3 is 2e. 
13m. and its declination 38d. 34m. N. 


Ek A 9 x7 15 F. 

Obſerved altitude of brit gh f ſtar of the Harp | 9 
dd for error of quadrant ” n 5 
Subſtract” 5 for” the dip, th the refrafion being: 0 ; . mo : , 5 
True akitude f für — — 25 ö 
Subſtract from „„ Se Wa 3 3 5 


rue zenith diſtance of fr —: — ap 57 
Diſt. of ſtar from elevated or north pole n 34 5 26 


. 4 Ant . — é L 
Half ſummnmn — , 
1 31 [1.423 IF $2: . £3 #4} 30 3 — i 

; n b IS; 3.3 > 
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FR. IF 
Arith. compl. of ſine of colatitude 40 9 o 19038 
Arith. compl. of ſine of polar diſtance ' gr 26 0.10686 
Sine of half ſum —colat. 3313 — 40 g'='13 4 9.35427 
Sine half fam—pol. diſt.=53*13'— 6120 1 47 8.49304 


Sum of four logarithms — | 18.14475 
Co © Oy > On 
SHORT NT $6.22 8 a * s „ 


Doubled is horary angle, or diſtance of Lyra * 5 : 8 
from the meridian to the eaſt; therefore 
ſubſtract it from the right aſcenſion of Lyra 277 12 
N "2301 « 5. I EEE oh 

Gives right aſcenſion of mid-heaven 263 39 


The watch being about half an hour too flow for the 
ſun, and the time ſhewn by the watch at taking the alti- 
tude of Lyra, being 1h. 47m. 541. the apparent time is about 
ah. 18m. A. M. or, in aſtronomical reckoning, - May 12, 
14h. 18m. P. M. to this add a zm. for 5d. 25m.. of longi- 
tude weſt of Greenwich, gives the apparent time reduced to 
the meridian of Greenwich nearly, May 12, 14h. 40m. 
P. M. to which time the ſun's longitude by computation is 
18. 22d. 13m. Hence, by table, page 27, the ſun's right 
aſcenſion, is 49d. 47m; which. ſubſtracted from 263d. 39m. 
the right aſcenſion of the mid-heaven found above, leaves 
213d. 52m. for the apparent time in parts 'of the equator, 
which, by table, page 3 and 4, gives the apparent time 
14h. 15m, 28{. But the time by the watch was, 13h. 47m. 
54. therefore the, watch is a7m.. 34ſ. too ſlow for. the ſun ; 
which is confirmed by ſeveral other altitudes of Lyra, and 
of other ſtars, and alſo by altitudes of the ſun taken in the 
1 before, and the morning after the obſervation of 
the, diſtance of the moon from Antares, 
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Lehe hip did 4 not go above hall a mile betwecl the obler- 
vatiowof the altitude of Lyra, and the mean kme of the 
obſervation of the diſtances of the mobn from Antares. 
The x mean of the times of thoſe obſervations by ; the watch is 

Ah. Im. 531. to which, 27m. 34ſ. being at ed, by Which 
dhe watch; is too flow for the ſun, gives 2h. 3 _ 327. A. M. 
or, May 22, 14h. 33m. 271. P. M. in aſtronomical reckon- 
ing, for the ent time of the mean of the 3 - 
Antares ffom e moon. To this add 21m. 40ſ. ff 
25m, longitude reckoned welt of Greenwich, turne Fa 
time, and we have the F time reduced to Greenwich, 
mw 12, W Ml. P 5 b 

_ bin 10 noNnvtg who % 


Hence K utin according to Chap. Iv. the ſun' s lon- 
tude is 18. 22d. 14m. equation of time -m. of. 
o be fübſtracted from 7 ib pale n time at Greenwich, 14h. 
58 71. leaves 14h. 51m. 71. the mean time at Greenwich, 
to Which Cottiputing, according to Chap. TV. the moems 
to itucke comes out 98. 20d. qm. 4f. her. Mdtieaden d. orm. 
„ ſouch; the Horiſontal patallax 34m. 42ſ. the àppa- 

255 ſemidiameter of the 'mbon, augmented aecording to 
ber altitude, 1am. 58. the hourly motion of the moon 
zom. 5. and ſhe multjpliet of the difference between 


e mobn's 1 * aHd'that inferred! from: the 
"obſetrntons, 29% 5 Ap 110 e 


The nent thitig to de As is to Mow för che midi 
Adder of the moon, fefraction, and- parallax, in order to re- 
duce the biet ved diſtance of the ſtar from che moon limb, 
to the true diſtance 'of the ftar ora the moon $'centre, ae 
cording to Chap. IV. 1 


K renn nnn 194 


?:0f,0Tog 48m. gel. the mean of ae 5 obſerved dif- 
tances of Antares from the moon's remotelt limb, I add 
Im. 50. for the error of the adjuftment of the quadrant, 
and ſubſtract 14m. 58. the apparent ſemidiameter of the 


Won; whence the apparent diſtance, of the Har from the 
moon's centre is 43d. 35m. 4a. | 


2. To allow for reftaction * \parallax, the obſerved 1. 
titude of the moon's centre being, near 10d. and that of the 
ſtar being above 10d. I make uſe of them as taken from the 
t, only ſubſtrating Am. for the dip, according to 
e remark at the end-ef-Chap. V. which-makes the er 
| Hation ſome what mere com e as follows: 


From gd. 27m. the mean of the five obſerved altitudes 
.of the moon's lower limb, I ſubſtract 4m. for the dip of the 
Hhoriſon, and add 1 Im. for the moon's ſemidiameter; 3 
whence the apparent altitude of the moon's centre is gd. 
38m, and the apparent zenith diſtance 80d. 22m. and from 
ad, 2 Im. the mean of the obſerved altitudes of the ſtar, 
ſubſtractiyg m. for the dip. there remains IId. Im. the 
apparent altitude of the ſtar; whence the apparent zenith 
diſtance of the ſtar is 78d. 4.3m. 


Half fur of zenith diſtances of the moon and ſtar 


320% tangent 10. 7334 
Half differences of zenith diſtances o 49 tangent 8.1539. 
Tangent of arc the firſt, 4* 25' — 8.8873 
"Ha apparent diſtance ot 15 from the moon's centre, WE 

27? 48" © — — cotan. 10. 3980 


Tangent of arc the ſecond, —— —— 9.2853 


Sum 


1⁰⁰ s b 


i 1 4 4 


Abe ſhip-did: not go above e a es liter 
vation of the altitude of Lyra, and the mean time of the 
obſervation of the diſtances of the moon: fm Antares. 
. mean of the times of thoſe obſervations b cok, the watch i 5 


„„ 


ing, for bee time 2 the mean of the diſtances of 
Antares from the moon. To this add 21m. 40ſ. for 5d. 


25m. longitude reckoned welt of Greenwich, turret into 
time, and we have the Epparent time reduced to Greenwich, 
May 12, hr Ae bl. P. = 


Hence 12 ting, 8 to Vin Tv. the far s lon- 
itude. is 18. 229. 'T4m. 5. the equation of time -m. of. 
= 8 929 i Wei a 1 time at Greenwich, I 4h. 
„leaves 14h. 51m. 7. the mean time at Greenwich, 
Wh *ottiputing, according: to Chap. IV. the "moon's 
46 9 ßer dur 8. 20d gin. 31. her. Mdtieaden dl. 5m. 
211, ſouch; the Boklontel patallax 34m. 42ſ. the appa- 
rent ſemidiameter of the 'mbon, augmented according to 
"her altitude, 14m. 58ſ. the houtly motion of the moon 
zom. 5f. And ' the” multjplier of the difference between 
the -rrioon's Wongitiide e and that inferred from the 
"obſetration 29. | : e 5 


. be weit thing to de done 4 is to allow för the mile 
-hbtber of the moon, tefraction, and-parallax, in order to re- 
e © duce the dbſetVed diſtance of: thei ſtar from! the: moon's limb, 
to the troe diſtance 'of the ftar from the moon's centre, ae- 
cording to Chap. IV. Ow? 


ent 101 


2 gef e Tos 48m. gel. the mean ks 5 obſerved dif. 
Wess of Antares from the moon's remotelt limb, 1 add 
Im. Foſ. for the error of the adjuſtenent of the quadrant, 
and ſubſtract 14m. 58f. the apparent ſemidiameter of the 
moon; whence the apparent Re of the ſtar from the 
moon's centre is 43d. 35m. | 


2. o allow far refraQuon 1 4 the obſerved al- 


titude of the moon's centre being, near 10d. and that of the 


ſtar being above 10d. I make uſe of them as taken from the 


— only ſubſtracting 4m. for the dip, according to 
remark at the end-ef-Chap. V. which. makes the A 


ation ſome what more n as follows: 


From gd. 27m. the” mean. of the five obſerved altitudes 
of the moon's lower limb, I ſubſtract 4m. for the dip of the 
horiſoo, and add ,15m... for the moon's ſemidiameter ; 3 
whence the apparent altitude of the moon's centre is gd. 
38m, and the apparent zenith diſtance 8od. 22m. and from 
Add, 2 Im. the mean of the obſerved altitudes of the ſtar, 
ſubſtracting am. for the dip. there remains 14d..17m. the 
apparent altitude of the ſtar ; whence the apparent zenith 
diſtance of the ſtar is * 4.3m. 


Half Fro of zenith diſtances of the moon and ſtar 


i 


32 tangent 10. 7334 

Half differences of zenith diſtances o 49 tangent 8.1539. 

Sn 

o ent of arc the firſt, 4 25 8.8873 
apparent diſtance 2 lar from the moon's centre, 2 

27? 48" — — — cotan. IO. 3980 
Tangen * arc the fecond, 10˙ 5 Fl — 9.2853 


Sum 
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Sum of arc 2d and half pace of moon from ſtar 


32% 43 — — ng. 9. 225 
Moon's zenith diſtance 800 22 ae. - 1 9˙22 
Moon's horiſontal parallax 54 42"=64; - NY 1. 27315 
Logarithm of effe&t of parallax 5, 8825 63˙ en 87694 


To be ſubſtracted by the rule, page 42 from the rn 
diſtance of the ſtar from the moon's centre. '$ 


: 


: F Computation of Refraftion. mall | 
Double arc the firſt, 8 0% — _, tangent 9. 1914 
e ee 1 — — , '- $0509 
"Sum- — —ä K—ͤ—w—̃ — | — 18 b 11.2483 
Double arc the lad 21 50 ſine ſubſtract. 9.5704 


Logarithm of 47", the effect of refraction ͤĩ 


From 43d. 3 Im. 421. the apparent Giſtance of the ſtar 
from the moon's centre, ſubſtract the effect of . parallax 
Fm, 53f. and add the effect of refraction; + 471. and you 
"have the true diſtance of Antares from the moon's centre 
very nearly, 43d. zom. 36. There remains only to be ap- 
ru the little correction of the effect of parallax, the rule 

or finding of which is given at the end of the Preface, 

The principal effect of parallax juſt nd; 5m. 1 1 
call the parallax in diſtance. With the altitude of the 
moon's centre, gd. 38m. and the horiſontal parallax, 55m. 
-take the moon's parallax i in altitude, 54m. out of table, p. 26. 


Sum of parallax in altitude, and parallax i in diſt. 60 log, 1 778 
Difference of parallax in alt. and parallax in diſt. 48“ log. . 1.681 
5 Tn diſt. of ſtar from the moon's centre 435 36“ cotan. 10.021 
Conſtant logarithm — — 0.941 


Sum, abating 13 from the index —— 1.421 
1s 
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ts logarithm of little correction of effect of parallax, 26ſ. 
to be added to 43d. zom. 36f. the true diſtance of Antares 
from the moon's centre, found nearly above; whence the 
true and abſolute diſtance of Antares ſrom the moon's cen- 
tre Is 43d. 31m, 2. 


Next, from the diſtance 10 found, 43d. 31m. 2ſ. and 
the moon's latitude computed from the tables, 4d. 55m. 
17ſ. S. compute the difference of longitude between the 
ſtar and the moon, and thence the moon's true longitude, 
according to Chap. VI. 


Diſtance of Antares from the ſourh pole of the echgall, a 

by table, page 4, is 27 25 
Diſtance of the moon from ſouth pole of the ecliptic 85 4 43 
Difference of polar diſtances — 922 42 
Half difference — — O II 21 
Half true diſtance of moon from Antares found above 21 45 31 


Half diſt. of moon from ſtar +4 diff. 210 66 52” ſine 9.572 3944 
Half diſt. of moon from ſtar — 3 diff. 21 34 10 ſine 9.654093 
Polar diſt, of Antares 83 27 25 ar. compl. of ſine o. 0013666 
Polar diſt. of the moon 85 4 43 ar. compl. of ſine o. GOIGOAT 


Sum 


: 9. 1409744 

Half ſum, is ſine of 219 50 100 9.5704872 
Doubled is 43 40 20 diff. of long. of moon and Antares. 
8. 0 Ul "” 

Longitude of Antares in table, page 44, —— 8 626 59 
Subſt. 50" becauſe the year precedes 1763 by 1 year — 50 
Add correction for May 13, n table, page 5 + 5 53 
True longitude of Antares — 1 2 


To which add the difference of longitude of the 
moon and Antares found above (becauſe the moon 
is to the eaſt of the ſtar) 2439 40 200 K 1 13 40 20 
True 


roi een K. 
True longitude of moon inferred from obſervations 9 20 7 22 
Longitude of moon computed from tables to time 


aſſumed at Greenwich — 5 9 20 9 3 
Longitude of moon computed from tables, greater | 

than that inferred from obſervations . | I 41 
Multiply by 2945 the multiplier from table, p. 28; —_: 


Product ſhews how much the ſhip was eaſt of the aſſumed 9 " 
_ longitude, paging to Chap. VII. _— 0 50 E 
But the longitude of the ſhip, according to its bearing 

and diſtance from the Lizard lights, was aſſumed weſt 

of Greenwich — | 5 25 W 


Therefore the true longitude of the ſhip by theſe ob- 


ſervations is — U 4 35 W 
And the longitude of the Lizard, being 18 weſt of that | 
of the ſhip, is —& — 4 53 W 


Which differs 09 50' from the true longitude aſſigned to it in 
the tables. 


In the foregoing obſervations, from whence the longi- 
tude of the ſhip has been computed, the ſea was almoſt 
perfectly calm, the motion thereof being very gentle and re- 
gular ; ſo that it was rather an advantage to the obſerva- 
tions in cauſing the ſtar to ſweep the moon's limb, than of 
any prejudice. I alſo determined the error of the adjuſtment 
of the quadrant very exactly by means of the moon, parti- 
culatly by meaſuring her longeſt diameter ſeveral times with 
the reflected and direct images brought alternately to con- 
trary ſides, with reſpect to each other; reading the numbers 
off the quadrant, in one cafe, in the uſual manner to the 
left hand of the beginning of the diviſions; and, in the other 
caſe, to the right hand of the ſame; and taking half the 
difference of the two meaſures of the moon's diameter thus 
found for the error of the adjuſtment ; which method of 
finding the ſame I look upon to be as certain as any, eſpe- 
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eially near the time of the full moon, being more exact 
than | bringing the two images of the moon into one, and 
not leſs Io than by the horiſon of the ſea. The night alſo 
— and there was a good twilight, which af- 
forded me the Fry and of taking the altitudes of ſeveral 
ears] ro from the compariſon of all which to- 

her, AS Yar a8 40 the altitudes of the ſun taken in the 
i before, and in the morning after the obſervations. 
ande of the moon from Mates, I. could be very 

— of the time of the ** at wy hip. 
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Extra! of the Jeurnal of a 7 gag > Wa 13 to: 85 — 
in the Prince Henry Eaft India Sbip, corretfed by Ober va- 
tons of f the Diſtance of - the. Moon from the ee pg Sars. 
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UESDAY, January 20, 1 761, at noon, we took 
our departure .from the Lizard Point, which bore. 


then fall north, diſtant by eſtimation 21 miles, al- 
lowing its. longitude to, be d. . welt Fon London, and 
its latitude 49d. R north. 2 


Latitude Weſt off from obſer.] by ) 


| Long. flo welt Longit. | 
Days [per obſer- Londonſof h., re- weſt of ker of obſervations taken of the di- 


of the vation at | per ſduced to comm. [ſtance of the moon's E. or W. limb from 
month. noon. comm. [neareſt Jreckon-ſthe ſun or ſtars to the eaſt or weſt, 
reckon. jnoon. jing. 
0 ee [3® 0 , D , 9 7 : 
Feb. 10016 49 Na '33| 30 22] 2 490 WL 8 from the ſun to the W 
1114 3 26 47 29 22] 2 35|WL 10 from the fun W 
15] 5 10 22 44| 23 39] O 55|WL 2 from * 3 
19} 1 42 22 44| 23 35] © 51]EL 5 from Pollux W 
| 28] 9 6 826 2| 29 44 3 42|E L 8 from the ſun E 
Mar. 924 9 25 55| 30 7| 4 12|WL 2 from Aldebaran E 
tojſ25 51 24 32 29 32] 5 ofWL 1 from Aldebaran E 
27 55] 5 36IWL 8 from the ſun W 
e f 27 44] 5 25] WL 1 from Regulus E 
15120 8 22 8| 26 52| 4 44\WL4 from Regulus E 
8 -g| $24 50] 5 52WL 3 from Pollux W 
£7139-39 If? 9 IS 5 6 7|WL3 from the Virgin's Spike E 
8 24 ©| 5 13\WL 4 from Pollux W 
1 1% 33] 5 400 WL. 4 from the Virgin's Spike E 
1931 37 7 7 21 41] 4 34WL3 from Pollux W 
20 19 4 52|WL 3 from Pollux W 
„ 4+ jj * 4 6 3 WL 1 fr. Antares E taken in haſte 
2831 23 | 5 57] 12 4 6 EL 3 from the Virgin's Spike W 
26030 51 | 4 17] 9 55] 5 38]EL 1 from the Virgin's Spike W 
29130 32 | 113] 6 49 5 36]E L_ 3 from the ſun E 
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April 6, 7 A. M. we came to an anchor in the harbour 
before James fort at St. Helena, when the longitude, by 
the common reckoning, was 1d. 28m, eaſt of London; but 
from my laſt obſervation: of the diſtance of the moon from 
the ſun, March 29, was 4d. 16m. weſt of London. The- 
longitude of St, Helena I find, by my obſeryations of the 
eclipſes of Jupiter's ſatellites, to be gd. 49m. weſt of Green- 
wich or 5d. 44m. weſt of London. Therefore the error 
of the ſhip's common reckoning is 7d. 12m. eaſterly. But, 
my account, deduced from the diſtances of the moon from 
che ſun, ſeven days before we made the iſland, differs only 
1d, 28m. from the true longitude, Many reckonings kept: 
on board the ſhip were no leſs than ten degrees er- 
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Ertrati bf the. U Had. Foyng e frat St, Hilo 70 
0E lee in 4e Vans Chi, Rel Indi Ship, :aorrefbed by 
5 the Difpance' 4 the. Moan: from the dun 
. and Jn Pow md 1 . by 78 18 Lone ef} oth 
172190 ved. aut 1 H 10 bon 
> RIDAY, Feb. FI Trey at 10 W M. we es 
» fail, and ac noon 12 our enn n the 0. 
of Bt Helena. bei gtigozosi nominoo irt of 
(101) AGO Sf. 10 ona ub otl: toit bzaulzb 2000333 5 
Feb. 4% at noon wo made the iſland of — 
at 6 P. KM. the SogarJoaf point of Aſcenſion bore S. W. 
diſtance dy eſtimation 12 miles. By the ſhip's reckohing 
we made 6d, com. difference of longitude from St. Helena 
to Aſcenſion, though the real difference, from aſtronomical 
obſervations, is 8d. 10m. ſo that we were ſet id. 20m. to 
the weſtward : we were alſo ſet 2 5m. in latitude to the 
northward in the ſame time. 


A 


Took a freſh alebrinre from Aſcenſion, allowing it to 
lie, as by aſtronomical obſervations, in longitude 13d. 59m. 
welt of the Royal Obſervatory at Greenwich, and in la- 
titude 7d. 3m. 8. 


The next night, by a mean of three diſtances of the 
moon from Aldebaran, I found my longitude 22m. leſs 
than according to my departure, and diſtance run from 
that time; hence, by this obſervation, the longitude of Aſ- 
cenſion ſhould be 22m. leſs than aſſumed in my departure 
from thence, or 13d. 37m. weſt of Greenwich. But, as 
the longitude found by the obſervations of the moon, with 
Mayer's printed tables, is liable to an error, ſometimes of 
| a whole 

2 


aſſumed ; longitude 
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a whole — or more, this difference of 22m. is rather 


to be regarded as a proof. of the exactneſs of this method of 


determining the longitude, than to be uſed to correct the 
which may be ſuppoſed: better eſta- 

bliſhed by a — obſervations of a more deli ate na- 

ture made on ſhore. | . . 


Extract of the Journal of tbe piles? of the Voyage 5; 
our Departure. taken from the e 9 n to our 
Arrival at Plymouth. 


N. B. The latitudes 10 Wogtade of the following table 
belong to the noon of the days to which they correſpond, 
the longitudes deduced from the obſervations of the moon 
having been reduced always th the noon immediately fol- 
lowing them, by means o "te. ſhip's reckoning, except to- 
wards the end " the table, where the hour of the obſerva- 
tions is ſet down, in which caſe the latitudes and longitudes | 
are ſuch as correſpond to that hour. The bearings and 
diſtances of the land are:alfo ſet down at the times of theſe 
latter obſervations, or as near to them as poſſible, in order 

to ſhew how near the longitudes deduced from the obſer- 
vations of the moon, agree both with one another, and alſo 
with the known longitudes of the Scilly Ifles, the Lizard, 
and Plymouth, which may be found very accurately from 
the tables of the hitleades 15 * of Log at the 
<ad: of the tables. 5 


110 APPENDIX. 
e Longitud 3 
P | | 15 Ee | Wei. by - Ta Number of obſervations taken of 
Days of the e {Greenwich obſeryatt. Wat oll liſtance of the moon's E. or W. 
month. | by com- ons of the | oomm. ſlimb from the 1 to the 
e ah 4 reck-| moon. <a or weſt, 
38 A oning. "ing. | iba 12 
E 21 24] 3 10 Weg Tow Antares to E 
Mar. 9, Noon] o 24 Nj18 14321 441, 3 30% WL 3. fr. Virgin's Spike E 
: . |  }C21 19] 3 WL 3 from Pollux W 
18, ditto 5 19 22 53 | 27 19, 4 26 E L. 3 from the fun E 
28, ditto 15 28 29 14 36 1c| 6 56|WL 3 from Aldebaran E. 
29, ditto 17 43 129 45 37 7 16 WL from Pollux E 
Apr. 8, Noonſz 5 25 32 46 41 46 g WL 2 from Pollux W 
17, ditto 32 50. 28 41 [ 38 28 9 2 r 855 Wc, 
g. A. OLE 631022. -61-7 13} 3 from Pollux E _ 
28, —_ 88 34 hy 56 E po. 17] 7 21 WL 1 from Regulus E. 
29, ditto 46 54 [14 7 | 21 391 7 7 * gulus E 
| "C15 33] 6 100WL I fr in's Spike E 
May 3, Noon] 49g 17 | 9 23 9 18 59 7 z. from 1 
. | (11 41] 7 14 3 from Regulus W 
6, ditto n 1 11 45| 7 18|WL 2 from Antares E 
8, 10h. P. M48 19 2 6 [8 54 6 48jEL 3 fr. Virgin s Spike W 
9, Midnight [49 23 O 11W| 7 1667 5E L 3 fr. Virgin's Spike W 
10, 9h. A. M. 49 43 | oO 11E 6 54 — ge. ne. 
11, Th. A. M. 49 52 O 22 6 5 6 2E. 4 fr. Virgin's Spike W 
F Ms Seily by ig bore, W. . W. J W. diſtant 
+ ; 3 5 SY 
13, 2h. A. M. (49 5o | 153 |- 4 35] 6 28 EL 5 5:from Antares E 
A EO. J 5 e 007 6b 63 W. de 23. 
14, gb. A. M. i 59 L | 2 30 N. 3 58 * : bore N. in. 


At night, came to an anchor in Plymouth Sound, and the next 
morning went on ſhore. 


Remarks 
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Remarks on the foregoing Extracis of the two Fournals. 


I have laid before myrreaders the foregoing-extratts of the 
gournals of my two voyages, each containing a ſeries of lon- 
gitudes of the ſhip, deduced from obſervations of the moon 
from time to time, compared with a reckoning kept in the 
common manner; both as proofs of the exactneſs of this 
method of finding the longitude at ſea, and alſo as examples 
which I hope to ſee imitated by navigators in future voyages. 
For tho” it is not very material for them to know their lon- 
gitude very accurately, while they are in the middle of an 
ocean, and at a great diſtance from their intended port, 
but more particularly neceſſary when they are 1 
it within the diſtance of 30 or 20, or fewer degrees: yet 
ſhould rather recommend it to them, to determine their 
longitude by obſervation from time, ſuppoſe once in a week, 
ten days, or a fortnight; not only as it will render them 
more expert both in making the obſervations and calcula- 
tions, againſt the time of their approach to their port, when 
they will have moſt occaſion to depend upon them; but 
.alſo as they will by this means enrich their journals with 
materials, from whence, at leiſure, very uſeful inferences 
may be drawn, reſpecting currents, the variation of the com- 
Paſs, or other curious particulars. | | 


U 


The exactneſs with which the longitude may be found 
by theſe obſervations, may be ſhewn from the foregoing 
abridged journals by three different proofs, The firſt and 
principal one is from the near agreement of the longi- 
tude inferred by obſervations made within a few days or 


Hours of making land, with the known longitude of ſuch 
land. 5 


A 
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A ſecond proof may be drawn from the near agreement 
of the longitudes of the ſhip, inferred from obſervations 
made on a great many different days near to. one another, 
when connected together by 1 org "7 of the) common. 
rechonibg. 


 Athird argument, and, in my opinion, as cogent as any in. 
proof of the certainty of this method of finding the longi- 
tude, may be deiluerd: from the near agreement of the lon- 
gitudes of the ſhip, deduced from obſervations of ſtars on 
different ſides of the moon, taken on the fame night.” 


With 1 the firſt" and pri nokia e in my 
voyage out, I made the iſland of St. Helena within 14 de- 
-grees of its true ſituation, tho by cloudineſs of weather, 
and the proximity of the moon to the ſun, I had not had 
an obſervation of the moon within eight days before: but in 
my voyage home, 1 found the Scilly Iſles by obſervations, 
which I took in the night a few hours before we made 
them, within 12 miles of their true ſituation, as I have 
ſhewn by the computation which I have diſtributed through 
the book, as an example of the rules. But if the ſecond 
correction of parallax be applied, as is done at the end of 
the Preface, (and as is alſo done with reſpe& to the jour 
nal of my voyage from St. Helena home) the obſervations 
will agree ſtill nearer, or rather in a manner anne with 
the true ſituation of the _ iſles. 


By ede 2 the next night, Winged n fght of 
the Scilly lights, I infer the longitude of St. Agnes light- 
houſe to be 6d. 23m. weſt of the Royal Obſervatory at 
Greenwich, which is _ Sim. leſs than its true longi- 
4. tude 


APPF EN 113 


tude, Alſo by obſervations made May 8, at night, thirty 
hours before we made the Scilly Iſles, allowing for the ſhip's 
run in the mean time, the longitude of St. Agnes light-houſe 
comes out 6d. 49m. or only 25m. leſs than its true lon- 
gitude. In like manner, by obſervations made May 13, 
in the morning, in fight of the Lizard lights, the longitude 
of the Lizard point comes out 4d. 53m. weſt of Green- 
wich, or rom. leſs than its true longitude, The only 
land which we ſaw in coming home was the Iſland of Aſ- 


cenſion, and I was not able to get one obſervation of the 


moon in the ſpace of the ſhort run from St. Helena thither, 
owing to clouds and the change of the moon happening in 
the intermediate time; but the next night after we had 
paſſed Aſcenſion, I had ſome very good obſervations, which 
gave me the longitude of the ſhip, agreeing within 22 mi- 
nutes of a degree with my account, kept from the departure 
1 took from Aſcenſion, whoſe longitude I aſſumed, as it has 
been determined from aſtronomical obſervations made - on 
ſhore ; or, allowing the ſhip's run backwards to the iſland 
of Aſcenſion, its longitude might be inferred from the ſaid 
_ obſervations, and would differ only 22 minutes of a degree 

from its true longitude. As therefore in none of theſe ſix 
Inſtances, the longitude found from the obſervations of the 
moon differs a degree from the true longitudes of the 
places, except in the firſt inſtance, where the run of the 
ſhip is depended upon for eight days, and where the error 
of the reckoning, corrected by the laſt obſervations of the 
moon, gives the longitude of St. Helena only 15 degrees 
different from its true ſituation, I think I have ſufficient 
foundation to ſuppoſe, that the longitude may be always 
found at ſea by this method, within the compaſs of a de- 
gree, or a very little more, which anſwers to about 40 geo- 


graphical miles in the latitude of the Engliſh channel. 
as I ob- 
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I obſerved, that a ſecond proof of the certainty of this 
method of finding the longitude, might be deduced from 
the near agreement of the longitudes of the ſhip, deter- 
mined from obſervations made on a great many different 
days near to one another, when connected together by 
means of the ſhip's run. For this purpoſe 1 deſire the rea- 
der particularly to inſpect the ſeries of longitudes of the ſhip, 
deduced from obſervation, being no leſs than 12 in number, 
in the compaſs of 11 days, between March gth and 2oth, 
1761, in my voyage out to St. Helena. Setting afide any 
currents, as we were then in a pretty open ſea, and ſuppoſing 
the ſhip's run to be rightly allowed for from the log in the 
common account, during this time, the fame difference 
ought to have been found between all the longitudes by 
account, and the correſponding longitudes deduced from 
the obſervations of the moon; or the ſame error of the 
common account ought to have reſulted from all the twelve 
obſervations. But as there is, as might be ſuppoſed, ſome 
difference between them, I take the mean of all the twelve 
errors of account, which is 5d. 20m. by which we were 
really more to the weſt than the common account made us; 
and, comparing each particular error of account with this 
quantity, the difference between them, in any of the twelve 
obſervations, ſcarce exceeds a degree; whence I think 
myſelf intitled to ſuppoſe, that the longitude was deduced 
truly from every one of the obſervations, within the com- 
paſs of a degree, or not much more. JN 


I have ſet: down.in the following table the error of the 
common account, and the difference between 5d. 2om. 
the mean quantity of it, and each particular error of ac- 
count; which, except in the firſt and laſt obſervations, dees 
not exceed three quarters of a degree. 0 
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The laſt obſervation, which differs moſt from the me · 
dium, was taken in ſome haſte, on account of the poſi- 
tion of the ſails of the ſhip, which did not allow me an 
uninterrupted view of the ſtar; nevertheleſs, as I was tole- 
rably ſatisfied with the obſervation at the time, I do not 
think proper to reject it. 


— 
- 


8 


T Error Biß. rom 
1761 of 5d. zom. 
4. ©. account. mean error 
March ix. 74 9 
| 
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| 37132 217] .. 
Mean error of account, 5 . 20 _ 


The latter part of the extract of the journal of my voyage 
home to England affords a fimilar proof of the conſiſtency 
of obſervations with each other in determining the longitude 
of the ſhip on ſeveral nights near to one another. Havin 
ſufficiently ſatisfied myſelf of the certainty; of theſe obſerva- 
tions for finding the longitude, by the great number I made 
in my voyage out to St. Helena, in the month of March, 
1761, I only thought it neceſſary in my voyage home to 
take ſo many from time to time, at the diſtance of a week 
or ten days from one another, as was ſufficient to correct 


Q 2 the 
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the reckoning, without leaving room for any conſiderable 
error to creep into it. But towards the end of my voyage, 
at the latter end of April, and during the firſt part of the 
month of May, till our arrival at Plymouth, I omitted no 
opportunity of making obſervations that -I could gain; and 
from the 28th of April to the 13th of May, that is to fay, 
in the compaſs of 15 days, I was ſo fortunate. as to obtain 
no leſs than 1 1 different ſets of obſervations, all which ſhew 
the error of the ſhip's reckoning the ſame, within the com- 
paſs of id. 26m. for the greateſt error of the ſhip's account 
from one of the obſervations May 3, is 7d. 36m. and the 
leaſt error of account is from the other obſervation on the 
ſame day, 6d. 10m. But to ſet this point in a fuller light, 
I have, in the following table, made a like. compariſon of 
theſe obſervations with the common reckoning, as I have 
done above with refpe& to the obſervations I made in my 
voyage to St. Helena between March gth and 20, 1761. 


| Error | Difference | 


| | of from 
L 762 account. mean error. 
A ] = — 


7 13% 12 
＋ 20 


29 7 32/＋ 31} 
10 — 51 


6 
7 ＋ 35 
7 * 1 
ITT 193: 17 | 
8] 6 48— 13 
A + 4 
6 28|— 33 
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Mean error of account, 
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1a this compariſon the i difference between the 
mean error of account and the ſeveral particular errors 
of account, is under one degree; and therefore it ſeems 
probable, that the greateſt error made in determining the 
longitude from any of theſe eleven obſervations, does 
not much exceed this quantity: eſpecially, fince the 
greateſt difference between the two errors of account 


which differ moſt widely from each other, is only one 


. twenty ſix minutes. 


On this occaſion I muſt coinfald; that notwithſtanding the 
many and frequent proofs I have had of the certaintyand exact- 


neſs of theſe kind of obſervations, and tho I am ſenſible 1 
ſpared no pains in making thoſe I am treating of with all the. 


care in my power; yet I am not a little ſurpriſed myſelf 


at finding ſo near an agreement of ſo many with one 


another, particularly becauſe ſeveral of them are ſingle ones, 
and the time, in ſome of them, was determined from alti- 
tudes of the ſtars in the night. But I would not be under- 
ſtood by this to mean to arrogate any peculiar merit or {kill 
to myſelf in making theſe . obſervations, which others may 
not equally attain with the ſame care and experience; ſince 


J am ſatisfied, from the near agreement of many obſerva- 


tions, taken by the officers of the Warwick, with my own, 
| taken at the ſame inſtant, that mariners properly inſtructed 
in making the obſervations, as I fatter myſelf they will 
find themſelves to be by means of my ſecond Chapter, and 
moderately exerciſed in the practice of them, which is their 
own part, will be able to determine their longitude, b 
only adhering ſtrictly to my rules, within the limits I have 
already mentioned, namely, about a degree, 
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The third proof of the certainty of the obſervations of 


the moon for finding the longitude at ſea, which may be 


deduced from the foregoing extracts of my journals, is what 


reſults from the near agreement of the double longitudes of 


the ſhip deduced from diſtances of the moon from ſtars on 
different ſides of her, taken on the ſame night; for all 
the moſt probable kinds of error, that can be ſuppoſed in 
the obſervations, whether ariſing from a faulty diviſion of 
the limb of the inſtrument, a refraction in the ſpeculums or 


dark glaſſes, a wrong allowance for the correction of the ad- 


juſtment, or a ſuppoſed bad habit of eſtimating the contact of 
a ſtar with the moon's limb too open, affecting the computa- 
tion of the longitude from ſtars on different ſides of the moon 
different ways; their ill effect, if any, muſt be ſenſible in the 
reſult. But fince in all the inſtances of the double longi- 
tudes thus determined, contained in the journal, the dif- 
ference is very ſmall, and ſuch as fully juſtifies what I have 
already advanced, with reſpect to the degree of exactneſs 
with which the longitude may be determined at ſea, it is 
evident, that by good inſtruments and careful obſervations, 


theſe errors may be ſo far reduced, as to be of bes: little 


n pm 


I have one, more remark to add, reſpecting the journal of 
my voyage from St. Helena to Kogland, which I flatter my- 
ſelf will not be thought foreign to the purpoſe ; that April 
20th and 21ſt, 1762, while we were croſſing the parallels 
of latitude of the weſtern lands, we ought, by the common 
reckonings of the ſhip, to have been ſailing thro' the midſt 
of them, which could not have happened without our, at 
leaſt, ſeeing ſome of them: but this is eaſily reconciled from 
the obſervations of the moon, by which it appears, that the 


ſhip 
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ſhip was at that time nine or ten degrees farther to the weſt 
than the common reckonings made it; ſo that if through 
diſtreſs of weather, or other accidents, we had wanted to 
make any of thoſe iſlands, we could not have done it by 
the common reckonings ; but it cannot be doubted, after the 
proofs that have been already given, that we might have 
readily and certainly found them by means of the longitude 
of the ſhip, corrected by the obſervations of the moon, if 
we had wanted | it. | 
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Ar Acceunt of the Principles and Authority upon which the 
: Pollouing Tables depend. e 


H E depreſſion of the horiſon of the ſea, contained in 

I the firſt table, page I. I have made leſs by one tenth 
part, than it is ſtated in the common tables, deduced from 
the known dimenſions of the earth ; having found, both 
from theory and experiments, this correction to be neceſ- 
ſary on account of the refraction of the rays of light in paſ- 
1ing thro' the atmoſphere. 1 


The next table, which is new, ſhewing the depreſſion of 
the water's edge of land at a given diſtance, I have computed 
.from the known dimenſions of the earth, paying alſo a re- 
gard to the effect of refraction. I apprehend it may be very 
uſeful when the horiſon is land- locked on the ſide it may 
be wanted to obſerve; ſince, if the diſtance of the land ad- 
joining to the water can be eſtimated nearly, the quantity 
of depreſſion taken out of this table may be applied, inſtead 
of the depreſſion of the horiſon in the former table. 


The next table is computed from a rule formerly com- 

municated to me by the late Dr. Bradley, and deduced by 
him from his obſervations, according to the principles con- 
tained in a paper of the late Mr. Simpſon's, in his Mathe- 
matical Diſſertations. The rule is, that the refraction at 
any altitude is to 57ſ. the mean refraction at the altitude of 
45d. as the tangent of the apparent zenith diſtance, leſſened 
by three times the refraction, taken nearly out of any com- 
mon table of refraction: is to the radius. This is adapted 
to an altitude of Fahrenheit's thermometer of 5od. and to 
an altitude of the barometer of 29 inches: and in this 
4 3 : ſtate 


\ 


A iP cP 'E& N © 3} @: 121 


ſtate of the air has been found by Dr. Bradley to anſwer 
very nearly to obſetvation quite down to the horiſon. In 
other ſtates of the air, he found the refraction to be to the 
quantity contained in this table, in a ratio compounded of the 
direct ratio of the altitude of the barometer to 294% inches, 
and in a reciprocal ratio of the altitude of the thermometer, 
increaſed by 350 to the number 400. As ſailors have oc- 
caſion to correct their altitudes only to fingle . minutes, I 
thought it would be more convenient for their uſe to ſet 

down the degrees and minutes of altitude, which anſwer to 
the even minutes of refraction, than to give the table in the 
common manner. Refraction cauſing the heavenly bodies 
to appear higher than they really are, all altitudes obſerved 
ought. to. be diminiſhed by.. the numbers contained in the 
table ; but particularly the altitudes of the ſun, taken for 
computing his:azimuth, in order to find the. variation of the 
compaſs: from obſervation, being generally very near the 
horiſon, ought to be ſo corrected. From the effect of re- 
fraction alſo, the ſun appearing to be in the horiſon, when 
he is really half a degree below it; though he is really in 
the horiſon, when his center appears at the altitude of 29 
minutes above it; therefore the proper time for taking an 
amplitude is not when the ſun appears in the horiſon, but 
when. his centre appears 29 minutes high, or his lower limb 
15, or his upper limb 43 minutes high : but the apparent 
altitude of the ſun above the viſible horiſon of the ſea ſhould 
be greater than theſe numbers by the quantity of the _ of 
the- horiſon, taken out of the firſt table. | 


The . * rig bt aſcenſions ey declinations of ſtars, 
page II. and III. is ſelected from the Abbe de la Caille's 
obſervations, and is deſigned both for finding the time and 
the latitude, by altitudes taken 1 in the night. 
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The next | table, page UI. and IV. . to turn degrees 
and minutes of the equator into time, and the contrary, at 
the rate of 15d. to 1h. and 15m. to Im. of time, &c. Thus 
the longitude from Greenwich by account is frequently 
turned into time, and vice verſa, the apparent time in Rule 
3d of the Appendix, is turned into degrees and minutes of 
. the equator. 


The table of W which the difference or ſum of the 
moon and ſtars latitudes ſhould not exceed, ought to be 
carefully attended to in chuſing out a proper ſtar for ob- 
ſerving the diſtance of the moon from, Jide page 12, 

Chap. II. The principal reaſon for this is, that the moon's 
latitude, uſed in the computations of the 6th Chapter, may 
ſometimes err three minutes: for the Jatitude, as found 
from the tables, is ſometimes liable to an error of 2 minutes; 
and, if the | ſhip's account be out zd. this will make an 
error of 20 minutes in the aſſumed time at Greenwich, and 
may therefore ſometimes occaſion an error of a minute 
more in computing the moon's latitude. But if the ftar be 
choſen agreeable to the table of limits, an error even of three 
minutes in the moon's. latitude will not occaſion above 1 5. 
error in the reſult of the computations of Chap. VI. in find- 
ing the moon 's true longitude from the obſervations. | 


The 1 of the longitudes and latitudes of rapive 
zodiacal ſtars, page IV. proper for obſerving the diſtance of 
the moon from, in order to determine the LOOSE is 
_ from the beſt modern obſervations. Si] 


In the table, page V. calculated for every tenth day in 
the year, I have included the ſemidiameter and hourly mo- 
tion of the ſun, and have thrown together into one ſum the 
l increaſe 


* 
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increaſe of the ſtar's longitude, owing to the preceſſion of 


the* equinoxes from the beginning of the year, and the 
aberration in longitude. -But as this ſam was ſometimes 
negative, I have in thoſe caſes added the greateſt negative 
quantity to every number in its reſpective table, and have 
ſuhſtracted the ſame from the epochs of longitude at the 
bottom of page IV. ſo that the corrections of page V. are 
always additive. : "4 | 


The mean motions of the ſun and moon are ſet down 
agreeable to tables of them, which I received as a preſent 
from Mr. Gael Morris, being ſuch as he had conſtructed 
| himſelf from the compariſon of a great number of the late 
Dr. Bradley's obſervations. The equation of time is alſo 


taken from the fame tables. 


The equation of the ſun's centre, and the tables of the 
equations of the moon, latitude, and parallax, are taken from 

r. Mayer's tables, as printed in the ſecond volume of the 
Gottingen Acts, excepting two flight alterations, which 1 
have made in order to ſave a little trouble in the calculations, 
without hurting their exactneſs. One of the alterations I have 
made is by leaving out the annual equation of the mean 
anomaly and node, and making the firſt equation of the 
moon ſerve inſtead of it. This alteration, I own, may 
ſometimes occaſion a difference of 14ſ. in the computation 
of the moon's longitude ; but then I find, that in Mr. 
Mayer's manuſcript tables, which I have ſeen, the value of 


the annual equation of the mean anomaly is increaſed ſo as 


to approach towards the value of double the firſt equation. 
The other alteration which I have made, is in ſubſtituting 


a more eaſy manner of taking out the argument of latitude 


the ſecond, -inſtead of Mr. Mayer's, which can never make 
a difference of more than 8ſ. from the fame taken out with 
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Mr. Mayer's argument. The alteration I have made in 
taking out equation the firſt of the moon for the anrmal 
equation of the node, may al ſo ocaſion a difference in the 
moon's; latitude of sf. | But both theſe differences are of no 
conſequence, ſince the moon's latitude computed by theſe 
tables i is ſometimes liable to err three minutes; and this be- 
ing of no prejudice, if the ſtar be properly choſen, a aalen 
difference of a few ſeconds cannot be worth regarding. 


I have added, page XXIV. and XXV. three tables of 
the hourly motion of the moon, conſtructed by myſelf, 
which were much wanted, being not to be ound in any 
1 of tables that J have n. | ] 


71 * added a table x an, page XXV. in wo 
to ſave a little trouble in the computations : they are the 
quotients of 1 5d. or geo minutes, divided by the hourly mo- 
tion of the moon, or the difference of the hourly motions 
of the ſun and moon, which are the two firſt terms of the 
proportion e at the beginoing;of: the mths Obaptegor 

42113 111 oy G 390NTO-1: 558601 L 

The table of the moon's parallax in altitode, page XXVI. | 
is uſeful in computing the moon's apparent altitude, if it had 
not been obſerved; vide page 57 and 6o ;-allo in Article IV. 
in the reſolution. of the problem in the Appendix, where: 
the: altitude of the moon is firſt corre cted by parallax, in 
order to compute the time from: .alfo in finding the — 
from the moon's meridian altitude: and alſo in computing 
the ſecond and ſmall correction of parallax, which was. 
omitted in gy V. ous 1s n at the end of the 
Preface. 1 t b Haid 11. 


The tables of the declinatien 3 1 75 8 of * 
degrees of the ecliptic, page XXVI. XXVII. and XXVIII. 


are 
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are uſeful for finding the moon's declination and right aſcen- 
ſion, by the two rules in the appendix, page 54, from her 
longitude and latitude given: alſo for finding the ſun's right 
aſcenſion from his longitude, whether in computing the 


time from the altitude of a ſtar or the moon, or in com- 
puting the apparent altitude of the. moon and ſtar from (2s : 


APPAFEN! time given. 

. have added the Wo Fe jc SI. the longitudes _ 
9 —— of places that have been determined from aſtrono- 
mical obſervations, as 2 proper and neceſſary part of this 
work, and J hope it will appear an acceptable preſent to the 
public. | As the method of finding the longitude by obſer- 
vations. of. the moon, or indeed any method of finding the 
longitude, can only agree withithe true longitudes of places; 
and as thoſe determined from aſtronomical obſervations are 
the only ones that are abſolutely certain, ſo I would be un- 


derſtoad to ſubmit the method of finding the longitude. 


propoſed in this book to a trial only by a comparifon with 
the longitudes of places contained in the table ; I mean, 
with reſpect. to the degree of exactneſs which I have infer- 


red from my own experience to be attainable by this me- 


thod. But if the navigator, on making of land, ſhould 
find his account, deduced from obſervations of the moon, 
to differ much above a degree from the longitudes of places 
which are not contained in the table, but taken from other 
authorities, I hope he will be In candid! as to ſuppoſe, that this 

reater ſeeming. diſagreement of his obſervations with the 
BOY made, rather ariſes from ſome error in the longitude of 
the land, aſſumed from too inſufficient authority, than to any 
defect in a method which may ſeem from ſo many experi- 
ments to be affen proved. 513% 


75 1 
1 8 . » i 6 , . . a . 


In 


+ 
i 
by 
i 


— 3 
— 


cn 3 
— 4 aro — — 
— r 


W — 
. — I 
7 - 


TT 


— — — — ——— RISE 
— 7 — 
a _— OR 


2 — — 
N — 
os ow N 


— — — — * 
8 od em 
. ne 


Ag 


x26 APPENDIX 


In der render thi Fiagoing table of longitudes and lati- 
wdes of places as compleat as poſſible, F have conſulted all the 
beſt authorities F oni find. In particular, I have borrowed 
all the places that are contained in the French Almanack, 
called the Cynnoiſſance des temps,” for 1760, and in the ex- 
planation of the annual calculations of the ſame almanack, 
publiſhed in 1762, with very little alteration, only reducing 
them to the meridian-of the Royal Obſervatory at Green- 
wich. Por the longitudes of other places which I have 
here added, and which reſult from obſervations made in the 


* _— end of the hft, or the'beginning of the prefent cen- 


tury, I refer the reader to the books or memoirs in which 


they are deſeribed, and which are to be ſuppoſed well 


known to geographers; but T ſhall give a brief account of 
the authorities upon which I give the longitudes of feveral 
places, deduced from more modern obſervations. Many of 
hefe are determined from the obſervations of the late Re 
of the planet Venus over the ſon. 


Thus J have deduced: the Ed of Leafkard i in E 
wall from the obſervation made there by the Reverend Mr. 
Haydon; that of the univerſity of Cambridge from a mean 
of the obſervations made there by ſeveral ingenious gentle- 
men, tho' their modeſty has prevented them from commu- 
8 them to the public; that of Exeter in Devonſhire, 
from the obſervation of Mr. Chapple ; that of Stalbridge 
in Devonſhire, from the obſervation of the Rev. Mr. Bolton 3 
and that of Wakefield in Yorkſhire, from the obſervation of 
Mr. George Gargrave, 


The obſervation of the Rev. Mr. Haydon i is | Hattlelany 
valuable, both as it was made with good inſtruments, and 
as it ſerves, with the help of the maps of the county of 

Cornwall, 
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Cornwall, to determine very nearly the longitude of Ply- 
mouth, Falmouth, the Lizard Point, the Land's-end, and 
the Scilly Iſles; all which places are generally either the laſt 
that ſhips ſee in going out of the channel outward bound, 
or which they make firſt upon coming into the channel 
homeward bound. | £ Fit) Fit? f | 
£1 1 


The other places, whoſe longitudes are deduced from the 
late tranſit of Venus, are Leyden in Holland, from the ob- 
ſervation of Mr. Profeſſor Lulofs, (and hence alſo that of 
the Hague and Rotterdam, by their known poſition to Ley- 
den); alſo Drontheim in Norwray, from the obſervation of 
Mr. George N. Holm; Carelſeroon and Landſcroon in Swe- 
den, from obſervations made there, but I am not acquainted 
with the names of the obſervers; Tobolſki in Siberia, from 
the obſervation of M. L' Abbe de Chappe; and St. John's in 
Newfoundland, from the obſervation of Mr. Winthrop, who 
ſalled thither with proper inſtruments from New England 
for that purpoſe. The longitude of Fort St. George in the 
Eaſt Indies reſults from the obſervation of the tranſit of 
Venus made there by the Rev. Mr. Hirſt; that of Calcutta 
in Bengal, from the obſervation of Mr. Magee; and that of 
Iſlamabad from the obſervations of Meſſ. Knott and Plaiſted. 
For theſe four laſt obſervations we are indebted to the Di- 
rectors of the Eaſt-India Company; who ſent out general 
inſtructions to all their ſettlements, particularly recommend- 


ing this obſervation to ſuch as ſhould be capable of it. 


The loogitudes of the following places T have determined 
from obſervations of the eclipſes of Jupiter's firſt ſatellite, com- 
pared with correſponding ones made at Greenwich, or elſe- 
where; or, if not cotrreſponding, yet happening within a few 
periods, and compared with the help. of the tables. The longi- 
3 tude 
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tude of tle iſland of St. Helena I'deduve from my own obſer- 
vations made there in the year 1761 ; the longitude of the 
Cape of Good Hope, from the obſervations made there by Mr. 
Charles Maſon. and: Mr. Jeremiah Dixon in the ſame. year. 
The longitude of the iſland of Rodrigues in the Ethiopic 
obſervation, from the obſervations of M. Pingté; and Caſan 
in Ruſſia, from two emerſions, one of the firſt, and the 
other of the ſecond ſatellite, obſerved there by M. L' Abbe 
de Chappe, in the year 2761. The ondtinls: of Cape 
Francois I. deduce: from an emerſion of the firſt ' ſ1- 
tellite of Jupiter, obſerved there in the year 1745, by 
Don George Juan; one of the two Spaniſſi mathematicians 
who went to Peru in conjunction with the French acade- 
micians, to meaſure the degrees of the meridian, which I 
compared with a computation which I have made of the 
ſame, from Mr. Wargentin's tables, publiſhed by M. De la 
Lande, not having poſſaſſion of any obſervations made in 
England or elſewhere at that time. I he longitudes of Stock- 
holm, Hernoſand; and Cajaneburg, all in Sweden; are taken 
from the authority of Mr. Wargentin. Vide papers zoth 
and 44th, Vol. LII. Part I. of the Phiigſophical TranſaBions 
for: the year 2761. The fame volume alſo contains moſt of 
the obſervations of the tranſit of Venus which have been 
maple. uſe of in determining the lopgitudes of the r es 
my ume orc are mee in the _ 20 101 
ii 230% 

"The loogitude of Cape Clear in Wen was ee 
from eclipſes of Jupiter's ſatellites, by the obſervers appoint- 
ed by Mr. W hiſton- to ſurvey the coaſts of the channel. 
The longitude of the city of Vork. was determined by Mr. 
Richard Nor wood, from the ſame menſurations by Which 
he inferred the length of s ere wo the we ans: be- 
tween Ane Vork. Lou 


i 
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Jam obliged to Mr. James Short, F. R. 8. for the lati- 
tude and longitude of Edinburgh, the latter reſulting from 
the obſervations of the eclipſes of Jupiter's ſatellites; made 
there formerly by himſelf : as alſo for the longitude of Port 
Royal in Jamaica, computed by himſelf from the obſerva- 
tion of the external contact of Mercury with the ſun's limb 
in the year 1753, taken by Mr, Macfarlane. The longi- 
tudes and latitudes of Louiſbourg, Cape Sable, and the 
Straits of Fronſac, between Nova Scotia and the ifland 'of 
Cape Breton, are taken from M. Chabert's accurate obſer- 
vations. The ſituation of Achem, the north-weſt point of 
the iſland of Sumatra, and that of the iſland of Pulo Timon 
in the Gulf of Siam, I have taken from the authority of 
M. d' Aprés de Mannevillette, in his Neptune Oriental; as 
alſo the longitude of Manilla in the Philippine iſlands; the 
two firſt being accurately ſettled by him from their latitudes 
and bearings from Malacca, and the latter ſufficiently de- 
termined from ſeveral ſhort runs of ſhips to and from the 
iſland of Pulo Condor, which is ſettled from aſtronomical 
obſervations. The longitude of Callao in the South Seas 
depends on that of the city of Lima, of which it is the port, 
and which is known from aſtronomical obſervations. 


The poſitions of Cape Lorenzo and Guaquil, likewiſe in 
the South Seas, are ſettled relatively to the city of Quito in 
Peru, by the trigonometrical menſurations of the gentlemen 

who meaſured the degrees of the meridian in Peru; there- 
fore J have ſet down their longitudes agreeable to that of 
Quito contained in the tables, and the difference between 
the longitudes of thoſe places and Quito, ſuppoſed in Don 
George Juan's accurate chart of the weſtern coaſt of South 
America : the longitude of Quito contained in the tables, 
and which reſults from eclipſes of Jupiter's firſt ſatellite, 
8 being 


Oo 


© 
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being much more certain than its longitude aſſumed in the 
chart from eclipſes of the moon. 


Laſtly, the longitude of Panama in the South Seas is 
pretty accurately determined with reſpect to Porto Bello, 


lying on the other ſide of the Iſthmus, from which it was 
found to lie only 31 minutes of a degree to the weſt, by the 


eſtimation of the direction, and length of the way from the 


latter place to the former, made by the Spaniſh mathema- 


ticians who went to Peru to meaſure the degrees of the 
meridian, * | 
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| A Table of the Depreſſion or Dip|A Table of the Refraction of the 
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Extremity of the Wing of 8 Ae - - - 
In the Head of the Phaeenix - - '- - = = - 

he bright Star in the Tail of the Whale 
"the Girtte of Andromeda 
The Spring of the River Kridanus, Hcberna = = 


A D 


lin the Jaw of the Whale - = -- - - =. 
In the Head of Meduſa, A4lgol - < - - - = 
The bright Star of Perſeus - = <- - =<- = 
The South Eye of the Bull, Aldebaran - < - - = 
The bright Star in 4 ep eee 1 þ af — — 
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The bright Foot of Orion, Rigel — - - 
The North Horn ofithe Bulls 
The Weſtern Shoulder of Orion 
right Star-in-the-Dove - «- - - = = 
he Eaſtern Shoulder of Orion 


The bright Star in the Poop of the Ship Argo, Genobuy 
he bright Star in the Dog's Mouth Sirius — 
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I the Head of the Northern Twin Caſtor - <« 
[The little Dog Procyon — — | 
In the Head of the Southern Twin Ce wii mw, 


Bright Star in the Oars of the Ship Argo = =. + 
The Heart of the female Hydra, - , = - = - - 
The Lyon's Heart, Regulus - - =. 
The Northernmoſt Star in che e Square of tl the e great Bear 
Dhe Lyon” 8 Tail — — — 57 X 5 


| The ſouthernm.Starof cheCrofiers, or the ft of ec ob 
The Virgin's Spike - | - 
The laſt Star in the Tail | of the great! ar — | - — 
The Weſternmoſt Foot ofſthe Centaur 

rr in Bootes, Arcturus — * SE | a” bs 
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[The bright Star in the Eaſtern Foot of the Centaur 
The Southern Scale of L ihr 
The Northern Scale of Li ra 
The bright Star of the ——SA 
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„Nanikg & the, wan. E E he, Neg. 
©| 3 8. . — 28 A 
| I Io A ob. | ; £4 "$9: AT oY <a © 
1 n i Wer eien — OR ws — — . E N 
——— s Heart, AHutare | = > 4 1243. 45 9. 8.25. 53 S. 1. 7 
In the Eaſtern Knee of Ophincus = = = - 815 „ 64 36015 25 S. o. 55 
The Head of Ophincus . 261. 00 6. | 
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The bright Star f the Eagle, Atair = =, 2 294.50 = 

— — — 4 2301.44 2. 

The Tail of the Ewan - - - - < 44 2308. 21 

The Weſternmoſt Wing of the Crane 4 20328. 20 

[n the Mouth of the Southern Fiſh, Fomalhaut = + a | 1341. 9 
In the Shoulder of Pegaſus - - .. - 4g 21843 2 226. 

In the Wing of Pegaſus, Markab = f | 444 2 16] 7. 22173. 57 * +3. 12 
The Head of Andromeda == ob 12 2359. 41 7. 47 NI. 20 
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D. M. 415 M. BH Nb. H.M.| Ee : 
M.] S. M S. M. M. S. M. M. S. D. H. M. D. H. M. i 
1 | 1a. 4/4613. 467 4. 47615. 4 

2 262. 8473. 8 624. 8 77/5. 8 

3 2. 120483. 12 63/4. 127805. 12 

4 2. 160493. 16|64|4. 16|79|5. 16 

5 2. 20]50.|3. 200654. 20| 805. 20 
62 „ 24/477 2-45 66] 4. 248105. 24 
7128 2, 280823. 281674. 280825. 28 

8 | 2. 3215313: 32684. 32 835. 32 
913 39,2. 3654/3. 36694. 3684/5. 36 

104 I. 40402. 400553. 40 70 * 40; 8515. 40 

11 102. 44363. 447104. 448605. 44 
2 2.48/57] 35 4817014 ee, 
13 2. 52583. 5273/4. 58805. % 
14 5144] 2- 56593. 56744. 560895. 56 
15 Ml L513 060, 4. olg. of © _ 
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into Time: . A Table 2 he. Limits which gepel 

' erence of the Moon's and Star's Lati- 
D. H. M. D. JH.M. D. H. M. 2. . M. tudes, if of the ſame Denomination, or 
1 — ͥ — Ae Sum, if of , contrary . 


| 951 6. 201 70 11.200245 16.20 320 21.20 ſhould not excèed. 
1100 6.40. L75|11.40/250 16.400325 21. 40 b 2 
105 7- © 18012. 0025517. 033002 2. © . Limits for tha DF) 

110] 7.20 185 12.2002 60117. 200335 22. 20 from the Star, or the|ference, or Sum, © 
| 15 2 40/190 12.4066 17.400340 22.40 Difference of their[the Latitudes. 


3 e eee de, e e A Loans 
9195113. 0j270|18. 345 23. © NT em 
8. 3 13.2002 751 18.2003 5023.20 15 | 2 f 
8.40205 13400 40335 73 2% rf 1 
9. 002 10014. of285| Ig. 9866 O24. 0 22 "3% 
9.2002 15014. 2002900 19.2 e e 1 Gi 
145] 9-49]220]14-40]295| 19.40] || Bo] 2 
15010. of225]15. olzoo|20..0| _ |. 11 22—̃⁵Üʃg 
1135 tO. 205 30520305 20,20 , MU OIL 1, 
6010.400231. 4003 100 20.40 „„ 1 {| 
165011. o|240[16. 0031512 1. 0 3 So 4.3 | 


A Catalogue of the Longitudes and Latitudes of I Zoaacal Stars 
of the firſt and funk Magnitude; proper to meaſure the Diſtance 
of the Moon from, in order to determine the Longitude by Sea or 
Land. Adapted to the Be ginning of the Year 1763. | 
N. B. The eee of ha Stars in this Catalogue are to be cor- 
reed by the Addition of the Numbers in the next Table, and are 
alſo to be augmented at the Rate of — + for every Year after 1763, 


EY * tud : 1 
Names of the Stars. | 1 E a ot E. A. 1 | 
— he Wing, of Fe Fey f ET. 7 2. s. o. 5. 51.1 12. 6 
The bright Star in the jaw 5 the Whale J 2 1. 11. 5 . = 16 C. 
The South Eye of the Dull, | Mdebaran. A red Star, af 1] 2. 6. 28. 31] 5. 29. 9 8. 
The North Horn of the Bull nw is "Tuba 19. 18. 46 5. 21. 55 N. | 
The Southernmoſt of the Twins Pella - FH FB] 2 3. 19% 56. 50 6. 39. 55 N. 
= The Lyon's Heart, Regulus, A red Star ba 4. 14.26. 32. 8] o. 27. 20 N. 
* | { Che Virgin's Spike FI Tc Kg Ja} 1] 6. 206. 3» If 2. 2. 9 8. 
1 The Scorpion's Heart, Antares, A red Star 4 i 8. 6. 26. 59 4. 32. 35 C. 
| | In the Southern Part of the Bow of yy” - [£] 2] 9. 1. 46. 7111. o. 25 C. | 
In the Head of Cs - = Jools 10. o. 26. 6. 58. N. | 
Bright Star in the mouth of the ſouthern fiſh, \Fomalbaxt 45 111. o. 31. 5 2I, 5 ny S. 
In the Wing 0 of Pegaſus, Martab - - - - = : &1 1 
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A Table of the fps and Hourly Motion of the Sun; 
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and ad of the Torre ons of the Lon Lon” 
11 in the Year. 


— of the N al Stars, for ever 
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| a The 5 
Semidi- 1 8 a & Scorpi. ; & HER WI Wing 
Days ofſameter e Nerck South Heart The jon's In Bow| Head [of S. ſſn of Pe- 
the [of the Hornoſſ Twin Regu- virgin's Heart jof Sa- [of Ca- Fomal- gaſus. 
Month. Sun. the Bull Pollux. lus. Spike. Antares gittary. pricorn haut | Mark. 
Jan. 1016. 21 1820 14 0 8133 0 2 6 
10016. 21 We bK CET. 2 I &* 
6 | | 
20016. 20 18 23 21 a — TT. 1 3 
Feb. 116. 18 , | © | 1 
ioj16. 17 14 #>. F267 1 0-1 16 12 5 0 o 
20016. 15 ne eee 9 4 +33 
Mar. 1|16. 13 11 27 26 26 | 21 12 3 1 
10016. 10 19 27 29 254 ++; 8 5 2 
20016. 7 1.40 {:26-| 43 F169 1 3908 9 4 
415 | 26 35 40 | 38.2126 
3 4 2637 44 |, 49>: 30 16 10 
2 12 24338 47 44 - 34 20 13. 
13 38 | 53 | 53 (44 30 | 21 
9:1 ..6.| 13-1 "32! $5 4. 9:48 | 34 | 
ot | og GE FSLL 
e ST IL OG. LS 
3-4-0464 12 | ot 2 1 03.3 TE 
27 RR —— 8 
r 65.403; | 33 | 4 
10 46: 7-23 65 65 56 48 
11 7 10 28j}. 55 66 59 52 
rie . 
ö | e 64 7 68 | 64 | G0 | 
7 a5 16 12 21 "of 63 | 69 67 63 | 
® — 80 20 13 21•J 48 61 6 68 66 ö 
4 „„ 20 46 | 591 } 66: 108 oy 
39 ; 29 19 f | --2+--- #--- 45 [ 57 65 69 9 
27 | — mg 68 69 þ 
43 33 22 VF 3 3 
38 f- 38 26 | 28 41 34 J- 62 68 70 | 
63 .1-..4* 30--j---29-- fey, 52 60 66 69 U 
57 48 36 26 40 50 1 | 64 68 
bo (5 2 40 | 27 40 | 49 | 56 62 67 | 
& 4505 44-5920] 7TH LY 
66 61. | i50 36 44 * 148 52 58 63 
„„ ,, EE EP 
69 | 68 60 45 | 8 gx | 54 59 
68 | 70. 64 80 | 80 80 VE 2 | 1 
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hs of the Sun's mean Lon- n for Days 8 
ww of the Month. | __ 
of Jun. = het ==> 
o R | H * Po M - 825 5 
o. 59. 8001/2. * 1. 2 
1. 58. 17 o 24. 562661. 4 
2. 57. %% 4. 231271 . Of. 
4. . % | be % f 
5. 54+ 50 604. 47] | 
6. 53. 58 1 | 717. + 31] 1 16 
; $H 8 7. 53. 7| 1 | 819. 43032 1. 19 
—_— 8. 52. 15 2 | 922. 11 
8. ; ; I I» 10, 9. 51. 23 2 
T4 ET SE 
10. 38. 46 6. 511110. 50. 32 2 
10. 24. 26] 57. 10/12 11. 49. 40] 2 [12] 
7 58.15 1312; 48. 48 2 | 
: * * 1 * 14 13. 47. 3 
IO. 40. 383-9. o. 25. 21 
10. 26. 16 1. 30/165. 46. 130 3 
10. II. 56 2 3517/16. 45. 223 
9. $7. 36 3* 40187). 44. 30 3 hs 
2 ö 918. 43. i; 
10. 42. 25 41 4 . 
10. 28. 5 8 38 66 Hoa kd 1 
IO. 13. 45 55/2120. 41. | 
. 8. oſzzſz 1. 155 14 | 
7 10: 44 It 9: : 5[23/22. 40. 12] 4 6, | 
ti 1 2 Sun to the Beginning|2z4]24. 30. 20 459! 
| of each Month. F are = 38. 28 : 9 
. {Montha|Mean Mor, ofo Mor: of Apog. e — 0 
— —— — 5; 7. 31 | 
8 Zn Why  [z7]26. 36. 45| 5 9 
— — —— 2807. 35 71. 7 
2 6 0 . 29128. 35. 2 : . 
1. o. 33. 18] 5 ' 3979 34. 3 
I» 28, Ye. 18] 40 9. N 5 
— —— — 3111.0. II. o. 33. 181 J 
% 25 42- 20 "oof In the Months 
. 4 401 2 | f 
4. 28. 49. 58] 27 5 pra and 2 
—ů—— — Feb. in Leap 
5. 28, 24. 8 32 Year, compute p EP 
6. 28, 57. 26 38 for che Day pre \ 
7: 294 3% 44143 lceding the giv+| 
8. 29. 4. 54 n 122 Day. Z ah a ? 3 
9. 29. 38. 12 54 | : 
10.29. 12. 22! 59 | 
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Fe 8 quation bf the Sund Center. E IS. 
Argan The. mean — of che the Shih, bs 
E e | 


O. 21. _ 
O9. 3 
130. 25. 28 as: 

o. 27. "ee 55 
150.29. 180. 
5 31, 12 
1700. 33. 60. 
1800. 34. 591.” 2: 
I9jO. 36. 5 2 8 
8 2000. 3.40 4 8 
2100. 40. 35 Ot 
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. | 7 
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2200. 42. 2601. 
O. 44. 16 . 
240. 46. She 
| 125 0. 47; 54 hep? 
2600. 49. 42 1 1 
270. 51. 291. 
2 800. 53, 9. 4s 
129]0. 54. 0 
1320: 56-43}; 
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t. 49. 59 f. 2 
I. 18. 38 28 2 
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3901. 15. 22 g 


It. 13. 53 


I. 12. 18 | 5 . 


1. 10. 41 
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| 2.20 7.38 15.31|13.33] I-IIT.28114.19) 


7 

92. 4] 7-58]15.39{13-17] 0.42[11.45]14.13] 
o| 1.48| 8.19]15.46|13. 00 —.12|12. 1014. 6 
I 
I 
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4 
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1.31] 8.40[15.52{12.42|-+.17|12.17|13.59 
I.I4| 9. 115.37 12.23 0.46|[12.32[13.51| 

9.21 16. 212. 4 1. 1612.461343 
9 0.38 9.4116. 6 11.44 1.45|[12.59]13.34 
7] 0.20|10. 116. 9 11.23] 2.14|13.12[13.24|} 
4 . 1]10.20{16.11 11. 1| 2.43113.24|13.14| 
I —.18 10.3016. 13 10.39] 3˙11J13.35013. 3 
710.37 10.57 16. 613010. 16 3.39[13.45]12.51 


OO Oe 


9 3. 8 2-301 3-35] 5-42| 0:57[11.15 16. 131 9.53 4. 713.541 2.39 

50 3.16 2.29] 3.46 5.37] 1.17|I1. 33 16.12 9.29 4.3514. 2[12.27 
2] 3.23 2.19] 3.58 5.31 1.38 11.81 16.10 9. 5| 5. 214. 9 12.14 
3] 330 2. 8] 4. 9 5.24 1.3812. 8/16. 78. 

10.5 3.40% 1-57] 4-291 eee 40001 


8 
8 
1.46 4.295. 91 240/12. 41 16. 07. 
1.35 4.39 5- 13. 112.87 1555 A 
6 

6 


| I.23| 4.48] 4.52 3.22 13.12 15.49 6. 
1.11 4.57 4.43344 13.271842 
3421535 


- oO | aan? 


| 3. 10 10.14 14.37 8.48 
ä 4 6.33015. 514.17 2.41 10. 3414.34 8.30 
28} 0.40] 3.57] 0.46| 5.52 2.50 6.5615.14 14. 3| 2.11 10.33 14.30 8.12 
29} 9:39 3-54| 0-59] 5-55| 2.350 7-17115-23 13˙48 1.41|11,11|14.25 7-54) 
3oF 1. 9] 3-51] 1.13] 5-57) 2-20), 7-38115-31 13. 33? 1-T1|11.28114.19] 7.30 
The Equations 2 — are to be added to apparent Time; and thoſe marked — 

| are to | be ſubſtraſted from apparent Time to find mean time. 
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er 11.27. 9:23 10.26.44. 29 
1.15.3729 O. 11.4522 


14. 27. 23 
16. 5. 534 


. Rel barer 4 
dit Gpeenwich, s. — 
TEpochs of 2 iT; 5 mean TI Note Mean Motion of the Moon, © Motion of : 
8 3 4 7 of the Month. FRE 
for the ii the Year, ... 8 | 
25 Mean Lo. » Mean An. » Long. of 6 MeanMo. 1 — 
q — 3 2 3 
hw 1 - 133 1 1 " = —, 
| * 3 N — GABE K — 8 my 3. 
L 1760] 2. 21.44.59 7. 13.50.27 2.26.52. 6| 1 0.13. 10. 350 0.13. 3-5 2 5 3 
1761 7. I. By 8 — 4 8 40] 2. 7.32.25 2 o. 26.21. 10 O. 26. 2 * 3 
{| 176211. 10.31. gf 1.11. 16.53 1.18.1243 3, 1: 9.34.4 i. $3 43h > os 434 
| 1763] 3.19.54. 15 4.10. 0. 6 s. 2| if; T-$2.42:20| „ d. 8 
1L.176z] 8. 12.27.55 7.21.47. 13] o. 9.30. 10 5 2. 8.Fa. D 2. 5.9.30 0. 1 
1765 9.21.5 1. 0 10. 20. 30. 26 1 5 i bg! 
+ Lad 11 EA bs "Do" 22. 14 
17660 5. 1.14. 6 1. 19.13.39. i. 1175 7 "al x = "| 
1769] 9.16.37.1r 4. 17.56.5210. 11.31. ö g o. 28. 36 
L. 1768 2. 3. 10.9 7. 29.43.59 9.22. 8. i 18 35. . 5 
170690 6.12. 35. 7 1d.28 27. 12 9. 2. 7 33 hs calls. 
+27.10.25; 13.2 e | 
1770[10.21.57. 2 1.27. 10.25 i ot +:23-$2-58 4 . 
= 4 \ . . . . +47 « . 
1771] 3. 7.20. 7 4-25-53-38] 7-24. 9.11112 e hy | RITA} 
Len97% 7:23-53:481'8. 7:40.45] 7- 4:46.19]13] 5-21-17: 35 l 
E 652938] -615,96-36 tk! 6.:.4.28:29] 0" 3.54.39 A 
| 2774] 4-12-39-58] 2. 5.-7-11] 5-26. 6.57/15 6.17-38-45] id «Pia 
[EE ELIE 5 G7 Gag 6 29: 2.3 ©. 50. $0 
x . \ MI I p | I7 * $$ 
. 1776 1.14. 36.44 8.15.37.31 4.17.2123 7.13-59:55] 7-12: 5 
4 1777] $.23-59-49 11. 4. 0 3.28. 4-23 l PET 28. a . bog ob 
1778/0. 3.22.88 2-13. 3-57] 3. 845. 119] 8.10.21. 6 ar * 
1779] 2.12.45. of 511. 47.100219. 25,20% 2. e 117.559 Ba 
UL LO SEPA, e 6.42.16 9. 4 21.53] 1. 6. 436 
gap Motion of the Moon, Motion, at mean * > 5 — Y os. 25. 470 i. 9. 54 
Zend, and Node, to the Beginning of each . 8 „ 
; - Month. * 5 Trio ofa 24010. 16.14. 1010. 78.35. +35 1. ge 
— 4 Mo. NMn An n 10. 29.24.36 10. 25.37.29 1. 19. 26 
* 3 es £ Wann! o 
r 2 | Þ g | . 226 11.12.35. 11011. 941.23) 3 8 22. 36 
— 2 tinnen . 4 
- | ©. o. o. "ol o. o. o. 0 0. 9. 527 * 2 3 7 2 28. 56 
r e es:, 6:55] 0.18.63. 3 l. 32. 8 
18 . d oh 4. ** NEVE 30 1. 5.17.31] 1. 1.56.59 1. 35. 19 
n 7 FF 31 1.18.28. 61 1.15. 0.53] 1. 38. 30 
221. 47 2 777 il 4 * 57 18 In the Months of January a 3 
| . . . 9 5. 22.48.47 7. 59. 46 in Leap- Vear, compute for the * 
| 8 U nn the given Day. 
| 7-14i55-40} 6.24-45:46] 9. 35% 8 
K} 9.-3-23- 46 8. 9.46.38] 11. 13. 34 
10. 21.51. 52 9.24. 47:31 12, 7. 4 
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K Table of che mean T Motions of the Moon; w Jean Anomaly, 3 _— 
Node for Hours, Minutes and Seconds. | 
{Mean No- Nodion ot|Motion of | Mean Mo- Motion drr 
tion of theſmean A- tion of thejmean . A- Motion of 
Moon. nomaly. 1 — | Moon. nomaly. ; 
FF ( 1 CC EC... 
wo non 7 Rd To „Ho o CCC 
|ojo o O o oo o ov 16 28 14/16 19 52 03 88 
I} & 32 560 0 32 40] © O 8J3yr7 1 1016 62-35 0 ＋ 6 
ne 217 34 71% 28 12] © 4 14 
3] 1 38 49] 1 37 59} © 0 8 7 3117 57 52] 4 22 
AI 2 11 460 2 10 39] © O r8 40 'of18 30 31 o 4 30 
5 2 44 42 2 43 19] © © [9 12 66ſ19 3 11] © '4 38 
— r — 1 e f. 5 — 
6 3 17 39] 3 15 5800 © 19 45 53/19 35 51] 4 46 
7 3:60 44 4 45 $} ©. ©: 20 18 49j20 8 31 Oo 4 54 
8] 4 23 32þ 4 21-18] © 1 4438020 81 45120 41 1d % 5 21 
9 4 56 280 4 53 58 © ll 21 24 42]2T I 0 0 5 10 
100 5 29 25 5 26 37] o 1 194% 57 38121 46 300 6 18 
11] 6 2 21 5 59 17] © 1 27141122 30 3522 / 19'10' 0 5 26 
12] 6 35 180 6 31 57] 0 1 35142123 3 31122 51 49/0 8 34 
137 8 1417 4 37/0 1 4314923 36 28023 24 29 0 5 42 
14 7-41 100 7, 37 16] o x 614424 9 24/3 57 J © 5 50 
150 8 14 7,8 9 5600 1 594 42 21124 29 49} % 5 57 | 
1618 47 3|8 42 36]0 2 46s 15 17jg 2 280 6 6 
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- I. For Parallax offIIII. For Equator Parallax of To find os ** 5 1 Sen 
„ ß) diameter from the Equat. Paral. f 
8 yy N _— Pad Semiai. || Parall.|Semidi, | 
Arg. Long. XII. Arg. Long. XIII. FF | 
Double Diſt. ) 20 [Longitude ) Equated— true | , 
correct — Anom. . Longitude @ * 153. 10114. 30057. 23115. 39] f 
e EEE: : 22 53. 21014. 337. 3415.42 | 
Ti 9 . 1 e 35057. 451545 
Ee es 63. 4374.39 * | 
r 53.514. . 
vi 1 | +] 54. 477 3 rm 
E Eren, : 
EH 5 27114. 2258. 4016. © 
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1138032018029 1125112114\27]12114(29]| 54, 4914. 57 59. - 2116. 6 
2383218028 212.111 15127 1215286. 018. 0.59. 73016. 9 
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III. For hourly Mot. of | | | 
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grees of the Eclipric. 
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; A TAB:UE: 
| Containing the Longitudes of Places that have been determined by Aftro- 
nomical Obſervations, reckoned from the Meridian of the Royal Ob- 
ſervatory at Greenwich; and alſo their Latitudes. | 
| Names of [Con !. Cot or Latitude, 3 itude. 
laces. tine. Country. Province. _ f 
| in Degrees. In Time: 
=S 2 1 „„ M. 8. 
Abbeville Eur. France . Picardy 50 7 1M . 45 flo: 5 19 
Abo Eur. Finland Baltic Sea 60 27 10N[22 13 30 El1 28 54 
Achem Af. [N. W. Pt. Iſl. Indian Ocean 5 22 Nies 34 E 22 16 
| Sumatra 
Agra Aſ. India {Moguls 26 43 oN[756 44 oEj5 6 56 
1 Eur. France Provence 43 31 35 NI 5 26 15 Eſo 21 45 
Ja Eur. France Languedoc 43 55 44 NJ 2 31 15 EO 10 5 
Alexandretta Af. Syria Mediter. Sea 36 35 10 NJIz6 20 O Ez 25 20 
Alexandria Af. |Agypt Mediter. Sea 31 11 20 NIzo 16 30 EZ 1 6 
Amiens Eur. France Picardy 49 53 38 NI 2 18 O EJ 9 12 
Ancona Eur. Italy Mediter. Sea [43 37 54N{13 30 30 Elo 54 2 
| as | 
Angers Eur. France Orleanois 47 28 8 NI o 33 45Wlo 2 15 
Angouleme Eur. France Orleanois 145-39 3 No 8 45 Elo o 35 
Antibes Eur. France Mediter. Sea 43 34 50 NI 7 8 30 Eſo 28 34 
Antwerp Eur. Flanders River Scheld 51 13 15 NI 4 24 15 Eſo 17 37 
Archangel Eur. Ruſſia White Sea 64 34 oN]z38 5 50 Ej2 35 40 
] Arica Am. {Peru | [South Sea 18 26 38 871 11 oW[4 44 44 
1 Arles Eur. France Provence 43 40 33 NI 4 38 Elo 18 32 
Ifl. of Aſcenſion[ Af. Angola S. Atl. Ocean 757 57 o 8013 59 oWhlo 55 56 
Athens Eur. Turkey Archipelago [38 5 oNIz3 52 30 EII 35 30 
Auch Eur. France Gaſcony | 43 38 46N] 0 30 o Eo 2 of 
Aurillac Eur. France Lionois 14 55 10N| 2 27 O Elo 9 48 | 
Auxerre Eur. France Burgundy 47 47 54N| 3 34 15 Elo 14 17 
Avignon Eur. France Provence 43 57 25N[ 4 48 30 1 2 19 14 
| Avranches Eur. France Normandy 48 41 18 NI 1 22 1:Wlo 5 31} 
Antie. Babylon Aſ. [Meſopotamia [Riv, Euphratez3 o o N{42 46 30 Ez 51 6 
Bagdad Af. |Meſopotamia | 133 21 ON 43 46 30 Ez 55 6 N 
Balaſore Aſ. India Bay Wi. 5 21 20 ONI86 O O EJ 44 off 
| Bayeux Eur. France Normandy J49 16 30 NI o 42 45 WJ O 2 51 
Bayonne Fur. France Bay Biſcay 43 29 21 NI 1 30 oWſo 6 of 
[Great Bear Iil. Am. | Hudſon's Bay 54 34 Nl79 56 oWh]; 19 44 | 
BEeavails Eur. France Iſl. of France [49 26 2 NI 2 4 45 EO 8 19 | 
Berlin Eur. Germany River Elbe 52 32 30 NII;3 26 15 Elo 53 45 
| Befancon Eur. France France Compteſ47 13 45 NI 6 2 30 Elo 24 10 
Bezieis Eur. |France Languedoc 43 20 41 NI 3 12 30 Ejo 12 50 
Cape Blanco [Am. Patagonia Atl. Ocean 47 20 870 5 OWI4 40 20 


A a 


8 XXX |] 
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Names of Con- Coaſt or Latitude. Longitude. [ 
Places. tine. Pu. Province. c wo © 
| 3 F In Degrees. In Time. | 
v1 Jo m HAS 
| 
Bologna S. Petr.] Eur. Italy Romania 44 29 36 NIII 21 15 Eo 45 25 
Boſton Am. New England |Atl. Ocean 42 25 oNj7o 37 I5Wh]4 42 29 
Boulogne Eur. France Eng. Channel 50 43 31N| 1 36 45 Eo 6 27 
Ifl, of Bourbon nes 2 1 
St. Dennis Af. Madagaſcar Ind. Ocean 20 51 43 855 30 oEj3 42 ©c| 
{ B»urdeaux Eur. France River Garonnel44 50 18 NI o 34 45 0 2 ws 
Breſlaw Eur. Sileſia River Oder [|;: 3 ON) 8 45 EI 8 35 
Breſt Eur. France Atl. Ocean [48 23 ON 4 30 45 W4% 18 31 
St. Brieux Eur. France Eng. Channel 48 31 21 NI 2 43 15Wjo 10 53 
Bruſſels Eur. Netherlands Brabant co 51 ON 4 21 45 EJ 17 27 
Buenos Ayres [Am. |Brafil Atl. Ocean 34 35 26 8058 31 15W]3 54 5 | 
Porto Cabello Am. [Terra Firma [Caracos 10 30 50 N67 32 OW4I4 30 8 
Cadiz Eur. [Spain Atl, Ocean 36 31 7N|6 1 15Wjo 24 5 
Caen Eur. France Eng. Channel 49 11 10N} o 21 45Wſo 1 27] 
Cairn Af. ¶Ægypt River Nile [zo 2 30 NIz1 26 15 Elz 5 45 
Cajaneburg Eur. Sweden Finland 64 13 30 N[27 43 15 EI 50 53 
Calais Eur. France Eng. Channel 50 5731 N| 151 O FEI 7 24 
F. Wil.Calcutta|Af, [India Bengal 22 36 N88 25 45 El5 53 43 
Callao Am. [Peru South Sea 12 153 8076 58 oWl;5 7 52 
Calmar Eur. |Sweden [Baltic Sea 56 40 30N[16 21 45 EI 5 27 
Cambray Eur. Netherlands Cambreſis 50 10 30 NI 3 13 45 EJo 12 55 
Cambridge {JEur. England Cambridge: ſhi. 52 17 NI o 5 45 Eſo © 235 
Iſl. of Candia Eur. Turkey Medit. Sea |35 18 25 N[z5 18 O EII 41 12 
Canton Aſ. China South Ocean 23 ) 30 N Iz 2 oE[7 32 8 
{ Carleſcroon Eur. Sweden Baltic Sea 56 20 NIIß 26 15 Ej1 1 45 
Carthagena Am. Terra Firma |Carib. Sea 10 26 35 N75 25 15Wis 1 45 
Caſan Eur. Ruſſia Caſan 55 44 - Nli4g 30 oE[3 18 © 
Caſtres Eur. France Languedoc 43 37 10 NI 2 14 45 Eo 8 59 
St. Catherine Iſ. Am. [Plata Atl. Ocean 27 2c $149 17 W. 3 17 8 
Cayenne Am. Il. Cayenne |Atl. Ocean 4 56 oNj;52 15 OWZ 29 © 
Chalons Eur. |France River Marne 48 57 12 N| 4 22 15 Ejo-17 29 
: [Chatton Eur.] France River Saone 46 46 5 N 4 51 30 Eſo 19 26 
5 | Chandernagor |Af. India Bengal [22 51 26 NI]88 29 15 Els 53 57 
| | Charlton lfland|Am. [New Wales wo ſon's Bay [52 3 N80 10 WJ; 20 40 
Chartres Eur. France Orleanois 48 26 49 NI 1 29 O EJ Oo 5 56 
Cherburg Eur. France Eng. Channel [49 38 25 N| 1 38 15Wjo 6 33 


ChurchillRiver | | 
Pr. Wales Ft. Am. New Wales [Hudſon's Bay 58 56 Nlo4 55 Wh6 19 40 
{Civita Vechia Eur. Italy Mediter. Sea [42 | 


[Cape Clear Eur. Ireland Weſt Ocean 51 18 NIII 15 oWjo 45 © - 
Clermont Eur. France Lionois 45 46 45N| 3 5 O Eso 12 20 
Cape Comorin [Af. [India 156 5 Els 28 20 


Ind. Ocean 
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L 
Names of [Con- 5 Coaſt or | Latitude. Longitude, 1 
| Places. tine, Country. Province. — g * 
ö 1 In Degrees. [In Time. 
„ % RMS 
Conception Am. Chili South Sea 36 42 53 8072 40 oWj4 50 
Ifl. Pulo Condor Aſ. Gulf Siam Ind. Ocean 8 8 oy N ah, x17 5 4 
Conſtantinople |Eur, Turkey Archipelago 41 O oN|[28 53 30 ElL 55 34 
Copenhagen Eur. Denmark Baltic Sea 55 40 45 N12 45 15 Elo 51 1 
Coquimbo Am. [Chili South Ocean 29 54 26 8071 15 45W]4 45 3 
Coutances Eur. France Eng. Channel 49 2 50 NI 1 27 zoWio 5 500 
Iſl. of CumminAſ. [China China Ocean 31 40 oNj1 4 4 160 
Dantzic Eur. Poland Baltic Sea 54 22 oN|18 31 EII 14 44 
Dax Eur. [France River Adour 143 42 23N| 1 4 Who 4 16] 
Dieppe Eur. [France Eng. Channel 40 $66 IN! ee 4 77 
Dizon - Eur. [France Burgundy 47 19 22N| 5 2 30 Eo 20 10 
Dol Eur. France Britany 43 33 NI 1 46 15K o 7 5 
Drontheim Eur. Norway North Ocean 53 26 10N|11 3 45 Elo 44 15 
Dunkiik Eur. France Eng. Channel. [51 2 4 NI 2 22 30 Eo 9 30 
Edinburgh Eur. Scotland German Ocean 55 57 5% NI 3 18 160 13 13 
Embrun Eur. France Dauphiny 44 34 oN| 6 29 o Eso 25 56 ; 
Erzerom Af. Armenia 39 56 35 N1|48 35 45 E[3 14 23 
Evereux Eur. |France Normandy 49 1 24 NI 1 8 45 Ko 4 35] 
Exeter Eur. England Devonſhire 50 44 NI 3 34 26d 14 18 
Falmouth Eur. [England Eng. Channel ſoo 8 NI 5 28 20 Jo 21 53 
Ferrara Eur. Italy River Po 44 54 NIII 36 15 Eo 46 25 
Iſl. of Ferro, at | 5 x3 
| the Town Af. [Canaries Atl. Ocean 27 47 20N 17 33 * 10 1 
Florence Eur. [Italy River Arno [|43 46 30 NIII O 44 8 
St. Flour Eur. France Lionois 45 1 f NI 3 . Elo 12 22 
Ca. St. Frangois|Am. Hiſpaniola Atl. Ocean 10 40 Nj71 40 WI4 46 40 
| Frawenburgh Eur. Pruſſia Baltic Sea 54 22 15 Nj2o 7 30 ENI 20 30 : | 
Frejus Eur. France Mediter. Sea 43 26 3 NI 6 44 45 Ejo 26 59 
Strs. of Fronſac, | | | 
narroweſtPart 3 
oppoſ. a high| ö 
Mountain to- | 
. wards the | | 
\ Continent Am. [Nova Scotia IIfl. Cape Bretonſaß 329 Nj6r 20 Wh4 5 20. | 
Geneva Eur. Savoy River Rhone 46 12 oN|6 35 o Eso 26 20 | 
Genoa Eur. Italy Mediter. Sea 44 25 oN| 8 35 45 Eso 34 23 | 
Fort St. George} Af. India Bay Bengal 13 13 N80 2 15 Els 20 9 
Ghent Eur.] Netherlands Flanders ct 3 WN 14 55 
oa Aſ. India Arab. Sea 15 31 O NJI/Z 45 O EIA 55 © 
Ca. Good-Hope Af. Caffers Indian Ocean 33 55 42 8/18 23 15 EI 13 33 
Gottenburg Eur. Sweden Sound 57 42 ONIII 38 45 Ejo 46 35 
Gottingen, Obſ. Eur. [Germany Brunſwic 51 31 .54N[| 9 54 O Elo 39 36 
Granville Eur. France Eng. Channel 148 50 INI 1 37 OWIG 6 28 ) 
[ Graffe Eur. France Provence 43 39 25 NI 6 56 o Eso 27 44 
R. Obſ. Greenw. Eur. England Kent 51 28 40 No © o %o o © | 
| Grenoble Fur. France PDauphine 45 11 40 NI 5 43 O Elo 22 52 
— — — — - 
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Names of Con- I -Coaft or Latſtude] Longitude, 
Places. 4 Country. Province. | — — — 8 — 
| 9 1 In Degrees. In Time. 
Z FT ß 1 MS 
guaquil Am. Peru Sauth Sea 2 11 21.5} 81 11 30 W Ic 24 46 
Hague Eur, Netherlands [Holland 4 10 N 4:17: 30 EO 17 10 
Havanna Am. Ill. Cuba aAtl. Ocean 23 11 f½ NI #2 18 3oWl; 29 14 
il. St. Helena, 2 | E „ | 
James's Fort Af. |Benguela Atl. Ocean 1 55 SI , 40 OWIJo 23 16 
Hernoſand Fur, [Sweden Gulf Bothnia [62 38. NI 17 53 O EIL 11 32 
Hoai-Nghan Aſ. [China Kyangnan 33 34 40 N|118 49 30 Ej7 55 18 
Port Royal, Il. | | | Boy ; 
| of Jamaica [Am. |Weft Indies Atl. Ocean i8 o N16 45: 30Wl; 7 2 
| Rio Janeiro Am. IBrafil Atl. Ocean |]22 54 10 S| 42 45 oWſz 51 o 
_ Jeruſalem Af. Paleſtine Inland J31 55 oN[ 35 20 0 Ez 21 20 
| Ingolſtadt Eur. [Germany River Danube [43 46 oN| 11 22 30 Eſo 45 30 
St. John's Fort Am. Newfoundland Atl. Ocean [47 32 , NI 52 48 15 WJ; 31 13 
Iſlamabad: Af. India | 22 20 Mir ese 
Port St. Julian Am. [Patagonia S. Atl. Ocean 49 10 NI 68 44 WI4A 34 56 
Juthia Aſ. Undia Capit. Siam 14 18 NIIiOoO 50 O Ej6 43 20 , 
1 Landau Eur. Germany Alſace 49 11 40 NI 8 7 30 Eþ 32 30 
| Landſcroon Eur. Sweden Sound re 52 NT 12 46 45 Ejo 52. 7 
Lauſance Eur. Switzerland [Lake Geneva 46 31 5 NI 6 45 15 Elo 27 1 
© - Lectoure Eur. France Gaſcony 43 56 2 NI o 37 oEſ 2 28 
Leipſic Fur. German © [Saxony Jß5 1 19 14 NI 12 20 o Elo 49 20 
| Leſkeard Eur. En land [Cornwall [co 26 55 NI 4 41 45 WJo 18 47 
. Leyden Eur. Netherlands [Holland 162 1o 4 27 30 Eo 17 :50 
3 Liſle Eur. Netherlands 5-37 50 NH 3 4 16 EjÞ 82 159 
=_ Lima Am. Peru South Sea 12 1 15 876 49 zoWl5 7 8 
Liſbon, Congr.| | | | | 
|; Orator Eur. Portugal River Tagus [38 42 20N| 9 7 3oWſo 35 0 
1 Lizard Eur, [England Eng. Channel 49 57 NI 5 43 Who 22 52 
t 5 | 
Paul's Eur. [England Middleſex 51 30 40 NI © 5 37Woi:o 221 
F Cape Lorenſo Am. Peru South Sea 1 2 S 80 17 Wh; 21 8 
Pott St. Louis Am. Hiſpaniola Atl. Ocean 18 19 oN| 73 6 oWl|4 52 24 
Louiſbourg Am. Cape Breton Atl. Ocean 45 53 45 NI 59 55 OWIZ 59 4 
0 . Louveau Af. India Kingd. Siam [12 42 30 fiot 1 30 Efſ6 44 6 
2 | Lucon Eur. {France Orleanois 16 27 14N| 1 10 3o0Wſo 4 42 
b | Lunden Eur. Sweden Schonen 35 41 36 NI 13 21 15 Eſo 53 2 
Lyons Eur. {France Lionois 45 45 FINI 4 49 45 Ebb 19 19 
FY Macao Aſ. China South Ocean [22 12 44 Nj113 46 15 EI) 35 5 
INadrid Eur. Spain INew Caſtile 40 25 oN| 3 44 30M o 14 58 
Port Mahon, BY JG | | 
| FortSt.Philips|Fur. [[ſl. Minorca [|Mediter. Sea 39 50 46 NI 3 48 30 EIO 15 14 
1 Malaca Aſ. India [Straits Malacca| 2 12 6 Nlio2 5 0 EI6 48 20 
Malines Eur. Netherlands t c1: 1 coN}::4 28 45 Elo 27 55 
| St. Malo Eur. France Eng. Channel 48 38 5 N| 2 2 15Wſo 8 9 
| IN. Malta Fur, Italy Meditcr. Sea 35 54 NI 14 28 30 Elo. 57 54 
| ' 
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Names of 
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Baltic Sea 


Coaſt or Longi 
Places. tine. Country. Province. BY — 
In Degrees. In Time. 
® f 2 
Manila Iſl. Manila South Ocean 120 20 F438 
Marſeilles Eur. France Mediter. Sea 43 17 45 NI 5 22 15 Eſo 
St. Martha Terra Firma Caribean Sea III 26 40 NI 74 4 30 Wʃ4 
Martinico, St. EE 
Peter's Fort Am. [Weſt Indies Atl. Ocean 61 21 16Wl]4 
Iſl. Mauritius, | li 
Port Louis Am. Madagaſcar Indian Ocean I2o 9 45 Sj 57 28 O EZ 49 
Meaux Eur. France Champaigne 2 52 30 Elo 
Mergui India Kingdom Siam] 98 8 45 Eſ6 
Metz Eur. France Lorrain | 6 11 O Eſo | 
Mexico Mexico Inland 103 40 OW IE 54 40 
Modena Eur. Italy Modena 11 12 30 EI 44 F 
Mons Eur. Netherlands | 3 57 15 Eo 
Montpellier ur. France Languedoc 3 52 45 Eſo 
Moſcow Ruſſia Moline 37 46 15 E[2 
Moulins France Lionois 3 20 O Elo 
Ny France Lorrain 6 11 30 Eſo 
Nangaſachi Capital Japan [South Sea 128 46 15 El8 
Nants | France River Loire 1 33 45 WZ o 
Naples, Royal 
College Italy Mediter. Sea 14 13 45 Elo 
Narbonne France Mediter. Sea 3 © 15 Eſo 
[Vice | . France Medit. Sea 7-17-15 Ee 
| 
Nieuport Flanders German Ocean 2 45 o Eo 
Ningpo China South Sca 120 18 O ES 
Niſmes France Languedoc 4 21 15 Fjo 
| Noyon France If. of France Eo 
Nuremberg Germany Franconia 11 4 O Eſo 
Olinde Braſil S. Atl. Ocean rt oWj2 
St. Omer's . [Netherlands [Flanders * 175 0 Ejo 
Orleans France Orleanois | 1 54 15 WIWo 
New Orleans Louiſiana Riv. Miſſiſſippiſz 89 58 45 WI5 
Oſtend Flanders German Ocean 5 Ejo 
Oxford England Oxfordſhire 1 16 oWlo 
Padua Italy Venice 11 55 30 C o 
Panama Mexico South Ocean 80 21 WI5 
Paris, Obſerva.|Eur. France If. of France 2 20 Oo Elo 
Pau | Switzerland ]Bearn o 9 OW-.Io 
St. Paul de Leon Eur. France Eng. Channel 4 4 O 1i5Who 
Pekin China Inland | 116 22 30 EI 
_ | Perinaldi Italy Medit. Sea 7 40 oF 
Perpignan France Rouſſillon 2 54 O Eo 
St. Peter ſbourgl Eur. Ruſſia 12 
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| TT * d ; 
Con- 48> 2690; Coaſt or | Latitude. Longitude, 
uy Country. Piovin ce. — a | 
N 1 | 1 x In Degrees. In Time. 
| | | | SF of Pp #1 4 WE 
| Petit-Goave  |Am. (If, Hiſpaniola Atl. Ocean 18 27 NI 72 33 45W]4 59 15 
| PlimouthTown|Eur. England [Devonſhire 50 26 NI 4 18 51WhÞo 17 15] 
Do. Ram-Head] - | | | | : i1:0.23- Nj 4.22 235 WW 17 201 
Do. Edyitone 1 . 5 12 NI 4 25 Wie 17 44 
1 Pondicherry Aſ. India Bay Bengal 11 56 30 NI 755 7 30 Els © 30 
a Porto-Bello [Am. New Spain ICarib. Sea 9 33 NI 79 50 oW]; 19 20 ; 
Portſmouth Eur. England Eng. Channel 50 49 N] 1 5 V. 4 20 
Prague Eur. Bohemia 0 4 30 N 14 4 o #0. $9:;.9 
| IfotPulicondo:I Af, Gulf of Siam Ind. Ocean 8 zo N17 20 EIU7 9 20 
Quebec Am. [Canada |[Riv.S.Laurencej46 55 o NI 69 53 O- 4 39 32 
{Quito Am. Peru Inland o 13:27 8 77.55 oWh M9 
Antient Rakah]Afſ. [Meſopotamia [Riv. Euphrate|z36 1 NI 38 50 o EIzZ 35 20 
Reims Eur. France Champaigne [49 14 36 N 4 3 oFE[< 16 12 
| Rennes Eur. France Britany 18 6 45N| 1 42 oWſo 6 48 
Rimini Eur. Italy Adr. Sea 44 3 43N} 12 34 15 Ee 50 17 
Rhodes Eur. France Guienne 14 21 oN| 2 34 15 EIO 10 17 
Rochelle Eur. France Bay Biſcay 45 9 43 NI III WIS 5.3 
ö Rodrigues Aſ. Madagaſcar [Indian Ocean [19 40 40 8 63 10 O EIA 12 40 
Rome, S. Peter's Eur. Italy River Tiber [41 53 54N] 12 29 15 Fo 49 57 
1 Rotterdam Eur. ;Holland German Oceanj;z1 56 NI 4 28 15 Eo 17 53 
i * : 3 . — — . — 
Rouen Eur. France River Seyne 49 26 43 NI 1 5 15 EO 4 23 
Cape Sable Am. New Scotland Atl. Ocean {43 24 oN[ 65 30 WIA 22 © 
{ Salonique Eur. [Turkey {Archipelago [40 41 10 NI 23 8 oEl1 32 3: 
| Scilly Ifles, St. . 1 
Agnes Light- 1 | 
houſe [Eur. England Eng. Channel 40 56 NI 7 14 Who 28 5% 
| Seez Eur. France Normandy 48 36 21N] O 9 45 Eo o 36 
Sens Eur. France Champaigne 48 11 56 NI 3 17 O EIO 13 
Sherburne Caſt. Eur. England Oxfordſhire 51 30 25 N 1 o OWIO 4 « 
Si-nghan-fu [Af [China 34 16 30 NI108 43 45 F]7 14 5; 
| Smyrna AC. Natolia {Archipelago 138 28 NI 27 19 45 Eft 49 1c] 
Soiilons Eur. France Ill. of France |49 22 32N| 3 19 30 Elo 13 18 
Stalbridge Eur. England Nevonſhire l;o 57 N] 2 23 zoWIJ Oo 9 3 
Start Point Eur. jEnzlind Eng. Channel ſſo 9g N 51 15 Wo 15 2: 
Stockhalm Eur. Sweden Baltic Sea 50 20 31 15 2 45 B1E-32- 14 | 
| Stratiburg Eur. Germany Alſace 43 34 35 NI 7 49 15 EÞ 31 
Tarbes Eur. France Gaſcony 43 14 N O 32 © 7 
Pic of Tenerifl} Af. |Canaries Atl. Ocean 28 12 54N]| 16 32 WI 6 
If. oft. Thomas] Am. Virgin Itles Atl. Ocean 18 21 55 Nj 64 33 oW[4 18 
Iſ. Pulo Timon! Af, [Gulf Siam Ind. Ocean 30 NIogz 25 745 57 
Tobolſki Af. Ruſſia Siberia 58 12 18 NI 68 12 45 El4 32 
Tornea Eur. |Sweden Gulf Bothaia 55 50. 50 NI 24 12 © Eli 365 


Names of [Con- | Coaſt . 


* hes 


Foalon: | Eur. France Mediter. Sea 
Toulouſe Eur. France Languedoc 
Tours Eur.] France Orleanois 
Tripoli Af. {Barbary Mediter. Sea 
Turin Eur. Italy River Po 

p Uplal - - Eur, !Sweden River Sala 
Uraniberg Eur, Denmark Baltic Sea 
Valparais Am. [Chili South Sea 
Venice Eur. Italy Adriat. Sea 
Vera Cruz Am. New Spain Gulf Mexico 
Verdun Eur, France Lorrain 
Verona Eur, Italy Venice 
Verſailles Eur. France If, of France 4 


Cape Verd Af. INegroland JAtl. Ocean 
Vienna, Impe- | 


rial Obſerva. Eur. [Germany River Danube 
|Vintimiglia Eur. Italy IMediter. Sea 
Virgin Gorda 2 | | 
Fort Am. Weſt Indies Atl. Ocean 
{Cape Virgin's Am. e Atl. Ocean 
W 3 Eur. England Vorkſhire 
Wanſtead Eur. England Eſſex 
| Wittenberg Eur. Germany Saxony 
Ylo Am. jPeru South Sel 
York Eur. England River Ouſe 


New York Am. New England Atl. Ocean 
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